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Hose failure is just as costly as any other delay, in getting 
stills back on stream. That's why ELLIOTT hose is as care- 
fully designed and tested as its companion product, the 
famous LAGONDA-LIBERTY tube cleaners. 

Elliott still-cleaning hose is specially built for the hardest 
service. It withstands high temperatures. It is heavy, amply 
protected with close-wound heavy wire, makes a stiff con- 
nection for easy operation, and has an oilproof seamless 
inner tubing. 

For particularly hot tubes, asbestos-covered still-cleaning 
hose is popular. Hose for this service in 4-ply and 6-ply, is 
carried in stock in standard lengths. 

All Elliott hose is furnished with special couplings, 
securely attached to both supply and tube cleaner ends. 
Several types of sturdy, compact couplings are available. 
All hose is carried in stock, for shipment same day order 
is received. 

For maximum tube cleaning results, use Lagonda-Liberty 
cleaners with Elliott hose. 


HAVING HOSE TROUBLES ? Check on Elliott hose. Order a few 


trial lengths of this tough hose, armed against heat, pressure, oil, 
abrasion — and speed up your tube cleaning. Write for sample 
and details. 
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[a LAGONDA-LIBERTY Tube Cleaner Dept. 
District Offices in Principal Cities SPRINGFIELD, OHIO 
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HE control of the factors influencing treatment 

under conditions where the velocity of a fluid can 
be varied independently of frictional resistance is much 
more difficult than in the earlier batch methods. Control 
equipment to regulate and maintain rates of charge, 
temperatures, and pressures was developed primarily 
for the field of steam generation, and when this appa- 
ratus was applied to control the treatment of petroleum 
hydrocarbons difficulties were encountered. The com- 
plexity of petroleum as compared with water and steam 
led necessarily to the development of a variety of spe- 
cial instruments. After an extensive period of trial and 
error one of the results of this development was the 
production of an instrument suitable for controlling the 
fuel supply in accordance with values of temperature 
at selected points of the system. 

In the cracking of petroleum products it has been 
recognized for some time that temperature is only one 
of the variables affecting the degree of conversion and 
the quantity of heat required to maintain a given con- 
version rate. The cracking reaction may involve vapor- 
ization and both endothermic and exothermic chemical 
changes, and none of these effects can be followed from 
temperature indications alone. The development of a 
method for the continuous determinations of the density 
in situ of a flowing fluid at any point in its path has 
rendered density values available as a basis for controll- 
ing the time of treatment and the heating of the fluid. 
Instruments have been constructed for regulating con- 
trol variables in accordance with density of the fluid at 
any selected points in the path of treatment. The prin- 
ciples involved in the development of this instrumenta- 
tion were the subject of a paper presented recently 
before the American Petroleum Institute,* and it is the 
purpose of the present paper to give a detailed account 
of the installation and operation of this equipment, to- 
gether with some of the results observed. 





* Annual Meeting, Chicago, November, 1938, Refiner, Vol. 17, No. 11, 
November, 1938, page 583. 
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in Response to Yield Per 
Pass and in situ Density 





ABSTRACT 


HE method for the continuous determination of 

density in situ of a flowing fluid has been applied 
to the construction of instruments for the control 
of cracking equipment. The limitations of tempera- 
ture control when applied to a system in which 
vaporization and chemical change may be occurring 
are recognized. A suitable use of controls actuated 
by density variations gives not only a _ sensitive 
regulation of the heat supplied to a cracking fur- 
nace, but also enables the time-element in cracking 
to be utilized for control from yield per pass. The 
general arrangement of instruments and controls 
connected with a modern cracking furnace is de- 
scribed, and the advantages from the point of view 
of flexibility, sensitivity, and stability of operation 
are disclosed. In particular it has been observed 
that fluctuations in temperature lag from 1 to 2 
minutes behind the associated fluctuations in 
density. The ability of the control system to repress 
the effects of major disturbances in operating con- 
ditions is illustrated by charts obtained with the 
instruments. Controls responsive to density in situ 
provide additional safety factors in meeting operat- 
ing emergencies. 

This paper was presented at the Conference on 
Instrumentation in Process Industries, Carnegie In- 
stitute of Technology, Pittsburgh, Pennsylvania, 
March 2, 1939, 











PRINCIPLES OF MEASUREMENT OF DENSITY, 
TIME, AND YIELD PER PASS 


Density determinations in flow systems are based on 
the use of the following hydraulic equation (or some 
form equivalent to it): 


hid, (cfd’)*; = hed: (cfd?)*, (a) 


where d,, d, are the values of the density of the fluid at 
any two points of its path; h,, h, are differential heads 
developed across orifices placed at those points; and 
(cfd?),, (cfd?), are coefficients which are character- 
istic of the orifices (c, coefficient of discharge; f, ap- 
proach factor; d, diameter). If d, is known, a knowl- 
edge of the differential heads and the orifice coefficients 
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FIGURE 1 


Diagram of Adjustable Orifice 
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enables d, to be found. In this way density values can 
be followed from a point where they can be determined 
readily by familiar means, to any other point of the 
path of flow. 

The density at (say) the outlet of the conversion 
section of a cracking coil varies considerably under 
different operating conditions. On account of the large 
variations in differential head which would then be en- 
countered, the installation of a fixed orifice at such a 
point is impracticable. For this reason the first step in 
the practical realization of a flexible density apparatus 
consists in the construction of an adjustable orifice 
(Figure 1), in which the diameter ratio can be varied 
as desired. Moreover, an important advantage of an 
adjustable orifice is that it permits a check to be made 
on the consistency of density values obtained at differ- 
ent segment settings. In those cases where it is neces- 
sary to cool the orifice in order to keep the apparatus 
in operating condition, provision is made for a supply 
of cooling oil to be passed through the body, stem and 
plate of the orifice assembly. 

If it be required to determine the time of detention 
of a fluid in a certain section of its path, the density of 
the fluid at the inlet and outlet of the section can be 
found in the manner described above, and the mean 
density (dm) then used to calculate the time (t) in 
accordance with the relation 


t= Vdn/W, (b) 


where V is the volume of the section under considera- 
tion, and W the weight-rate of flow. 
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FIGURE 2 


Diagram of Furnace with Associated Controls and 
Instruments. 
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From a knowledge of the time of detention and the 
mean temperature in a section of the fluid path it is 
possible to calibrate that section to determine the degree 
of conversion taking place in it. This calibration consists 
merely in the empirical correlation of yield with time, 
temperature, and those characteristics of the charging 
stock which most simply express its behavior under 
cracking conditions. On the basis of certain simple as- 
sumptions an empirical equation for the yield per pass 
(P) can be established, and it is found to have the 
following form: 


AG 
P =—— Ct 10(T—To) ff, (c) 
1000 


where t is the time, T the temperature, A the aniline 
number, and G the gravity of the stock. The adjustable 
constants C. T,, f in this expression will naturally vary 
from one installation to another, and must be adjusted 
to suit individual cases. Thus the values of the constants 
required to give the percentage yield per pass over a 
chosen operating range of temperatures (°F), times 
(minutes), and stocks were found to be: 


C = 0.92, To. = 850, f = 73. 


It should be noted, however, that the actual values of 
these constants are not necessary for a control from 
yield per pass, but will be required only if it be desired 
to have a record of the actual yield. 

It has been found that density values often provide 
a more sensitive indication of the degree of heating of 
the fluid than does temperature. This is to be expected 
in the processing of petroleum hydrocarbons where one 
may be dealing with progressive physical and chemical 
change. The possibility of independent adjustment of 
heat absorbed and degree of conversion is a charac- 
teristic feature of the cracking reaction. For further 
details the publication previously cited should be con- 
sulted. (Refiner, Vol. 17, No. 11, 1938, page 583.) 


INSTRUMENTS FOR CONTROLLING AND 
RECORDING CRACKING VARIABLES 


A diagram of the furnace and the general scheme of 
instruments is shown in Figure 2. The differential heads 
at the orifices and the temperatures at the thermo- 
couples installed in the path of flow are transmitted to 
the control panel (Figure 3), where the variables are 
recorded and used, separately or in chosen combina- 
tions, to control the fuel supply to the different sections 
of the furnace. A more detailed diagram showing how 
the instruments on the control panel are interrelated is 
given in Figure 4. 

The temperature (T,) of the furnace charge and that 
(T,) of the oil leaving the heating section of the fur- 
nace are recorded by instrument 9 (see Figures 2, 4), 
and T, is transmitted to 7 from which, if desired, the 
fuel supply to the heating section may be controlled. 
The temperature (T,) at the outlet of the conversion 
section and the mean temperature (T,,) across the con- 
version section are recorded in 13, from which Ty, is 
further transmitted to 8, which, when desired, may be 
used to control the fuel supply to the conversion section. 

The values of the differential heads developed at the 
fixed orifice at the inlet (h,) to the furnace and at the 
adjustable orifices at the inlet (h,) and outlet (h,) of 
the conversion section, are transmitted electrically to 
15, where they take the form of resistances constituting 
arms of Wheatstone bridge circuits. These circuits also 
include resistances which can be manually adjusted in 
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conformity with the values of cfd? at the adjustable 
orifices, and a resistance adjustable for changes in the 
density (d,) of the charge at the inlet orifice. The self- 
balancing bridge circuits automatically compute density 
values in accordance with equation (a). The density 
(d,) at the inlet to the conversion section and (d,) at 
the outlet are recorded in 10 and transmitted to 16, 
where their mean value is computed. By a further 
bridge circuit the mean density is combined with the 
volume of the conversion section and the weight-rate 
of input to give the time in accordance with equation 
(b) ; the weight-rate of input itself is derived by trans- 
mission of differential head from the charge meter, the 
density of the charge being incorporated by manual 
setting. The mean density (dj) and time (t) computed 
by the circuits in 16 are transmitted to 11 where their 
values are recorded. A bridge circuit in 17 receives the 
time-value from 11 and the mean temperature of treat- 
ment from 13. These values (as resistances) are there 
combined by a circuit, which includes a manually ad- 
justable resistance for variations in stock character, to 
compute the yield per pass from equation (c), the yield 
(Y/P) being then recorded in 12. 

An air pilot-valve mechanism in 10 permits the 
density at the inlet to the conversion section to be 
utilized for controlling the fuel supply to the heating 
section of the furnace. A similar mechanism in 11 en- 
ables the fuel supply to the conversion section to be 
controlled, if desired, from mean density. In the same 
way it is possible to control the conversion section from 
the indications of yield per pass in 12. Thus the instru- 
mentation is such that it is possible to control the fuel 
supply to the heating section either from temperature 
or from the density at the outlet of that section; and 
that it is possible to control the fuel supply to the con- 
version section either from temperature, or from mean 
density, or from yield per pass. 

A flexible control system for cracking equipment 
must be so designed that it is possible to pass quickly 
and safely from automatic to manual control. This im- 
portant feature of the instrumentation here described 
is performed by selector mechanisms, one of which is 
shown diagrammatically in Figure 6, its function being 
to pass from automatic to manual control (and vice 
versa) of the fuel supply to the heating section. With the 
switch (see Figure 5) in the “hand” position, it will 
be seen that the control air pressure, as regulated by the 
lower knob, is transmitted directly to the fuel supply 
valve AA, the automatic control circuit being cut off. 
With the switch in the “automatic” position the pres- 
sures transmitted from the fuel flow controller 4 and 
to the fuel supply valve AA are in equilibrium through 
a relay mechanism, the “differential standatrol.” If the 
fuel supply is being controlled from (say) d,, the pres- 
sure transmitted from the pilot-valve mechanism in 10 
is relayed through the “standatrol” to the upper cham- 
ber of the differential standatrol, where it acts to 
modify the pressure on the supply valve AA by varying 
the controlling air pressure in the lower chamber. These 
relay mechanisms are essential for stable operation and 
positive action of air-actuated controls of this kind. To 
prevent discontinuities in operation when passing from 
automatic to hand control (and vice versa) the “reset” 
positions of the switch are provided to enable equaliza- 
tion of control pressures before completing the transi- 
tion. Similar selector mechanism is used in connection 
with the control of the fuel supply to the conversion 
section. Fuel flow indicators 6 are provided in the con- 
trol house, where they reproduce the indications of the 
recorders 4, 5. It takes less than a minute to switch 
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FIGURE 3 


View of Panel Board Located in Control House 









































HEATING =) CHARGE TRANSFER LINE 

SECTION EE bE. TEMPERATURE 
TEMPERATURE “bE: b: + CONTROLLER 
CONTROLLER ‘4 2B: BE: yy 



























































































































































e 
| SELECTOR 
\ J VALVE 





































































FR he 




















HEATING SECTION FIGURE 4 CONVERSION SECTION 


Diagram of Panel Board Showing Interrelation of Instruments 
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FIGURE 5 Face-view of Selector Valve Mechanism 
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Value of hs3 Segment dz (Lb./Cu. Ft.) 
(Inches of Water) Setting from hz d3 from Chart 
194 2.0 10.5 9.7 
147 1.8 10.2 9.6 
110 1.6 10.0 9.3 
83 1.4 9.9 9.3 

















from automatic to manual control using this mechan- 
ism, the loading pressure on the fuel control valve AA 
being adjusted in the reset position so that the fuel 
indicator 6 on the panel board gives the normal reading 
for automatic control. 

One example may be given of the ways in which the 
equipment may be tested periodically for accuracy. The 
charts in Figure 7 show a record of differential head at 
the inlet charge meter, of differential head at the outlet 
of the conversion section, and of density at the inlet and 
outlet of the conversion section. These charts were 
taken over the same period of time, and show the effect 
of changing the segment setting at the outlet of the 
conversion section and making the corresponding man- 
ual adjustments of the resistance in instrument 15. The 
following Table 1 gives a comparison of the values of 
outlet density d, as recorded on the chart with values 
calculated from the head h, at the outlet for the differ- 
ent segment settings expressed in inches of stem travel 
at the orifice. The 6 percent difference between the two 
sets of density values is an indication that a slight ad- 
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FIGURE 6 
Diagram of Typical Manual and Automatic Control System 
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justment of the resistance values in the instrument is 
necessary. 


THE RESPONSE OF THE AUTOMATIC CONTROL 
SYSTEM TO MAJOR DISTURBANCES IN 
OPERATING CONDITIONS 

It is not enough that an automatic control system be 
able to control a process when operating conditions are 
normal. When some part of the installation fails to 
perform its usual function, a major disturbance may 
result. Even when this disturbance originates in a part 
of the installation which is not actuated by the control 
instruments, the latter must still be expected to compen- 
sate (within reasonable limits) for the effects of the 
disturbance. The confidence placed in the ability of the 
control system to keep such effects within safe limits 
must be such as to leave the operators free to correct 
the conditions causing the original disturbance. 

The modern combination unit, designed for increased 
thermal efficiency, is possible only as a result of the 
development of automatic controls. These controls must 
often be made deliberately insensitive in order to keep 
the system in stable operation and to avoid hunting 
cycles. When an instrument is made insensitive for this 
purpose the result (practically equivalent in many cases 
to by-passing its controlling function) is to introduce 
a time-lag of such a magnitude that the instrument is 
incapable of participating effectively in the efforts of 
the control system to cope with the results of a major 
disturbance. 

The behavior of the control system described in this 
paper demonstrates the fact that, without having to 
decrease the sensitivity of control instruments, stability 


and flexibility of operation can still be maintained as a 
result of the interrelation of the most essential variables 
entering into control of the process. The cracking reac- 
tion (for a given stock) depends on time and tempera- 
ture, the values of which are dependent primarily upon 
rate of charge, heat-release, and pressure. The va- 
riables (density, temperature) for the control of the 
heating of the charge to cracking temperature, and 
those (time, temperature, and their correlation with 
yield per pass) for the control of the cracking reaction, 
are interrelated to give stable operation without loss of 
sensitivity. A study of the charts which follow shows 
that this interrelation results also in a control system 
sufficiently flexible to cope with major disturbances 
caused by failure of parts of the equipment to perform 
their normal functions. 

The charts in Figures 8 and 9 have been selected to 
cover a period during which certain abnormal condi- 
tions prevailed. During this period the heating section 
was controlled from the density at the outlet of that 
section, and the conversion section was controlled from 
yield per pass. Over a six-hour period (5 p.m. to 11 
p.m.) the API gravity of the furnace charge increased 
from 21 to 26, and a number of minor changes were 
made in the adjustment of the control setting of the 
density (d,) controller regulating the fuel supply to 
the heating section. These changes in the control setting 
were made when it was observed that the temperature 
(T,) at the outlet of the heating section had a tendency 
to drop below 950° F., a value which had been rather 
arbitrarily selected as representing a reasonable distri- 
bution of duty between the two sections of the furnace. 
The outlet of the heating section could, of course, have 





FIGURE 7 
Charts Illustrating Effect of Changing Setting of Adjustable Orifice 
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FIGURE 8 
Charts Illustrating Heating Section Controlled from Density (d:) 


been controlled (by instrument 7) to a constant tem- 
perature of 950° F. and density (d,) allowed to fluc- 
tuate from changes in the inlet charge density. How- 
ever, it was desired here to illustrate the effect on T, 
of variations in charge characteristics when controlling 
from d,. As a result of the changes in the control set- 
ting the density at the inlet of the conversion section 
dropped from 28.8 to 26.5 pounds per cubic foot. The 
fuel fired in the heating section is shown on the chart 
from the fuel meter 4. 

Over the same interval the yield per pass control was 
set at approximately 20 percent, and was not changed. 
No changes were made in the stock factor resistance, 
so that the control of the conversion section consisted 
essentially of an automatic time-reset for the tempera- 
ture control. The time-temperature part of the yield per 
pass equation (c) thus regulated the fuel supply to the 
conversion section. The fuel supply itself is recorded on 
the chart from the fuel meter 5. 

The charts shown in Figure 8 also exhibit the be- 
havior of the control system when the operating condi- 
tions have become unbalanced. It is an emergency like 
this one which tests the efficiency and reliability of an 
automatic control system. Trouble from the packing in 
he main back-pressure control valve occurred at about 
3:15 a.m., and while attempting to correct it, abrupt 
‘hanges in outlet pressure of about 200 pounds per 
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square inch were made. (Continuation of this trouble 
with the back-pressure valve finally resulted in the unit 
being shut down at about 5 a.m.) These changes in 
pressure were sufficient to cause variations of 5 percent 
in the rate of furnace charge. It will be seen from the 
charts in Figure 8 that the decreased pressure lowered 
the density d, by about 1.5 pounds per cubic foot. The 
heating section was controlled from d,, and a decreased 
fuel supply was the result. With the sudden increase of 
pressure of about 200 pounds per square inch, the 
density d, increased by about 2 pounds per cubic foot, 
and the fuel supply was correspondingly increased. It 
will be noted that the changes in weight-rate of input 
largely compensated for the changes in head h,, and 
that there was no perceptible time-lag between changes 
in pressure and corresponding changes in density d,. 
On the other hand, T, rose and fell much more slowly 
than density, and fluctuated at most by 4° F. about the 
normal value. (While the system was correcting itself 
from the effects of this disturbance, the fireman, ac- 
customed to the use of conventional control equipment, 
unfortunately switched to hand control of the heating 
section, and automatic control was not resumed until 
some 30 minutes later.) On a number of occasions a 
careful comparison of minor variations in temperature 
T, and density d, was made, and it was observed that 
changes in density were not only more sharply defined 
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than the associated changes in temperature, but pre- 
ceded these changes by from one to two minutes. By 
contrasting the fuel chart (of meter 4) in Figure 8 
when controlling from d, with the corresponding chart 
in Figure 10 when controlling from T,, it will be seen 
that the two types of control are characteristically dif- 
ferent and provide a further indication of the greater 
sensitivity of the density control. 

The charts shown in Figure 9 are for the same period 
of operation as those in Figure 8, and apply to the 
control of the conversion section from yield per pass. It 
will be noted that the abrupt changes in differential 
head h, were also largely compensated by the changed 
rates of charge, so that the density at the outlet of the 
conversion section was not materially affected. How- 
ever, time and mean density were slightly changed from 
the change in d,, and the combined influence of time 
and temperature caused a variation of about 1 percent 
in the yield per pass. This resulted in a minor change in 
the fuel fired in the conversion section (recorded by 
meter 5), and the outlet temperature did not vary by 
more than 5° F. 

To compare the above method of control with thc 
ordinary control from temperatures at the outlets of the 
heating and conversion sections, under conditions where 
a considerable disturbance is occurring, attention is 
directed to the charts in Figure 10. Shortly after 


ape 


84 ray 
. ) 





6 a.m. trouble with the charge pump (caused by the 
vacuum from the barometric condenser) resulted in 
the rate of charge falling rather suddenly by about 3 
percent. The temperature at the inlet of the con- 
version section dropped gradually by about 10°, 
then rose rather abruptly by about 20°, and then 
slowly came back to the control temperature setting. 
The temperature at the outlet of the conversion sec- 
tion dropped by about 10°, then rose abruptly by 25°, 
and an hour elapsed before the control recovered 
completely from the effects of the rather slight 
change in rate of charge. The fuel charts show the 
operation of the controls on the heat-release in their 
efforts to recover from the effects of the change in 
rate of charge. With normal operating conditions the 
temperature lines are almost perfect circles, but this 
is not due to insensitivity since it will be seen from 
the fuel charts that the temperature controllers are 
sufficiently responsive to minor variations in operat- 
ing conditions. The tendency for temperature con- 
trols on cracking coils to overshoot is generally 
recognized, and to avoid setting up a hunting cycle 
it is necessary to adjust these controls so that ex- 
cessive changes in heat-release will not result from 
minor temperature changes. Since temperature is 
only one of the variables entering into the heating 
and cracking operation, a precise control of the tem- 





FIGURE 9 


Charts Illustrating Conversion Section Controlled from Yield Per Pass 
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FIGURE 10 


Charts Illustrating Heating and Conversion Sections Controlled from Temperature 


perature is not possible unless both rate of charge 
and pressure are regulated to within fairly narrow 
limits. 

This brief analysis of the operation of the control 
system, as exemplified by the charts in Figures 8, 
9, and 10, is sufficient to exhibit the stability and 
flexibility of a method of control based on the utiliza- 
tion of the fundamental variables of the process 
under consideration. As contrasted with a system of 
control from a single variable, where it is impossible 
to cope with a major disturbance in the system, the 
present control system appears capable of limiting 
the effects of such a disturbance to a marked extent. 


As an illustration of additional safety factors intro- 
duced by using a control from density, suppose that 
an emergency caused by the stopping of the charge 
pump arises. If the heating section is controlled from 
density d, at any selected setting, the rate of firing 
will be diminished regardless of temperature, since 
vaporization tends to decrease the density when the 
weight-rate of input decreases. As regards the con- 
trol of the conversion section from yield per pass, 
the decreased weight-rate of charge increases the 
time of treatment (in spite of the fact that the outlet 
head meter may go to the maximum reading of dif- 
ferential head). This increase in time reduces the 
temperature, thus illustrating the fact that the re- 





July, 1939—A Gulf Publishing Company Publication 


duction in fuel fired is not limited to the amount 
necessary to hold the temperature constant, but is 
further reduced by the effect of time on temperature. 
The failure of the back-pressure control valve or the 
rupture of a tube will also result in decreased density 
values which, with control from density or yield per 
pass, will result in reduced rates of firing. Thus 
controls from density in situ provide definite advantages 
f:om the point of view of safety. 


REMARKS ON INSTALLATION 


One of the most vital elements in the efficient 
and reliable operation of air-actuated instruments 
and controls is an adequate supply of clean air, free 
from lubricating oil, moisture, and any foreign par- 
ticles. Without taking precautions to insure the 
cleanliness of the air supply it is not uncommon to 
find pilot-valve mechanisms fouled with foreign mat- 
ter and condensate. Climatic conditions prevailing 
at the site of the refinery must dictate many of the 
practices employed to insure continuity of operation 
and to reduce maintenance of equipment to a mini- 
mum. Under those severe conditions arising during 
sub-zero weather it is not unusual to encounter in- 
terruptions due to frozen water or fuel lines, and 
to failures in the electrical service. During interrup- 
tions of this character it is frequently necessary to 
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pass from automatic to manual control, and opera- 
tion then becomes increasingly dependent on the 
available supply of instrument air. An effective 
means of cleaning and drying air for this purpose 
consists in passing the air discharged from the com- 
pressor through a water-cooler and into a separating 
tank. Cooling to about 40° F. at pressure from 100 





FIGURE 11 


View of Adjustable Orifice at Conversion Section Outlet and 
Associated Piping and Meter Housing. 


to 150 pounds/square inch removes a considerable 
amount of the moisture contained in the air, and the 
greater part of the lubricating oil is emulsified with 
a condensed water. The air is then passed through 
a filter packed with successive layers of rockwool, 
fuller’s earth, and hair-felt. The pressure is then 
reduced to that of the instrument supply header 
(about 40 pounds/square inch), and the air is dis- 
tributed through brass pipes to eliminate pipe scale. 

To minimize operating difficulties and hazards due 
to the use of long static lines, it has been found 
advisable to install many of the flow-meter trans- 
mitters at locations near to the primary metering 
elements to which they are attached. A few views 
have been chosen to illustrate the way in which some 
of the meters exposed to atmospheric conditions 
have been installed, and the steps taken to insure 
continuous and reliable operation regardless of 
weather conditions. 

In Figure 11 is a view of the adjustable orifice at 
the outlet of the conversion section and of the hous- 
ing in which are installed the meters used for trans- 
mitting the differential heads h, and h, to the panel 
board. Figure 12 is a view of the interior of this 
meter housing, and shows the seal-pots installed 
above the manometers, and a steam coil for main- 
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taining a temperature necessary for the proper func- 
tioning of the meters. In this installation it will be 
seen that means have been provided for the inde- 
pendent equalization of the mercury in the man- 
ometers, of the sealing fluid in the pots, and of 
the transmitting fluid above the sealing fluid. In 
Figure 13 is a view of the fuel meter housing and 
the installation of the fuel control valves. Figure 14 
is an interior view of the fuel meter housing, show- 
ing the arrangement of the seal-pots and equalizing 
valves. By minimizing the corrosive action of hydro- 
gen sulphide in the fuel gas, it has been found that 
the maintenance of the fuel meters can be decreased 
materially. This is accomplished by sealing the gas 
off from the manometers by means of seal-pots con- 
taining a solution of ethylene glycol (30 percent), 





FIGURE 12 


Interior View of Meter Housing shown in Figure 11 


water (45 percent), and glycerine (25 percent), a 
composition selected to prevent the viscosity be- 
coming too great at low temperatures. The seal-pots 
also provide for the accumulation of condensate 
which tends to settle in static lines in gas systems 
exposed to sub-zero temperatures. By means of the 
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FIGURE 13 
View of Installation of Fuel Gas-Meters and Control Valves 


equalizing valves provided it is possible to correct *to the charge meter orifice assembly, and in this 


for this accumulation without dismantling the equip- 
ment. 

The question of explosion hazard arising from 
electrical contacts used in transmitting some of the 
control factors has been given careful consideration. 
Figure 15 is an interior view of the charge meter 
transmitting the differential head h, to the panel 
board. This meter is located near to the furnace and 
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illustration a torque amplifier will be recognized. It 
effects the transmission of the differential head h, 
to instrument 15 on the panel in the control house. 
The only explosion hazard conceivably arising in 
connection with the instruments installed on the 
main control panel is that from galvanometer circuits 
using motors to drive the recording mechanism. 

In the blank-faced case located in the lower -right- 
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FIGURE 14 


Interior View of Fuel Gas-Meter Housing 


hand corner of the view of the panel board in Figure 
3, are mercury tumbler switches serving the in- 
dividual instruments on the panel. These provide 
safe means for cutting off any one of the instru- 
ments, and are under the observation of the instru- 
ment man while he is working on an instrument. 
This obviates the possibility of an instrument being 
switched on while it is undergoing repair or exami- 
nation, a hazard which is always present when the 
switches are all located in a box outside the control 
room. 

Another operating difficulty arising from severe 
climatic conditions is the crystallization and deposi- 
tion of naphthalene in the lines carrying the supply 
of cooling oil to the orifice assemblies. The stock 
used as cooling oil was a bubble tower side-cut 
(fluid at —50° F.), but it nevertheless contained 
enough naphthalene to cause the trouble, and to pre- 
vent the lines becoming plugged. It was found neces- 
sary to insulate them. 


CONCLUSIONS 
An examination of the literature reveals the lack 
of precise information regarding yields in cracking. 
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This situation is inevitable as long as cracking is 
considered from a point of view which ignores the 
time-element involved. No data of permanent value 
can be accumulated unless practical procedure is 
sufficiently standardized to enable the results ob- 
tained by different observers to be compared on a 
common basis. The study and control of cracking 
must utilize the values of all the essential variables 
(time, temperature, and stock factors) entering into 
the reaction. 

The successful application of density equipment 
to the control of commercial cracking units enables 
the conclusions to be drawn, that when rate of 
charge, temperature, and pressure readings are sup- 
plemented by measurements of density im situ, means 
are available: 


1. For controlling accurately the cracking equip- 
ment to maintain a predetermined optimum 
yield per pass, and making possible a high 
standard of operating efficiency ; 

2. To provide a stable and flexible control based 
on the utilization of the fundamental variables 
of the process; 

3. For confining within safe limits the effects of 
major disturbances which may arise from op- 
erating emergencies ; 

4. For the accumulation of information essential 
in the proper design of flow systems. 





FIGURE 15 
Interior View of Charge Meter (Instrument 1) 
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Stratcold Treating Process 
Helps Solve 


Sulfur Problem 


EDUCTION of the sulfur content of cracked 

naphtha distillates is a problem associated with the 
refining of most California crude oils. The importance 
of this problem varies according to the source of crude 
supply, the amount of straight-run and natural gasoline 
which can be used in blending, and the type and 
severity of the cracking process employed. The Texas 
Company, as one step in the solution of this problem 
of controlling the sulfur content of its finished cracked 
naphtha economically, has recently completed the in- 
stallation of a Stratcold acid-treating process at its 
Los Angeles Works, near Wilmington, California. 


DESCRIPTION OF THE PROCESS 

The Stratcold acid treating process is a development 
resulting from the combination of the cold treating 
process which has been described by R. A. Halloran? * * 
and the C. W. Stratford contactor centrifuge acid 
process*. However, The Texas Company installation 
employs settlers instead of centrifuges to effect separa- 
tion of naphtha and sludge after contacting, settlers 
being preferred where black acid of appreciable carbon 
content is the treating agent used. The plant embodies 
the three-stage counterflow principle in a manner simi- 
lar to that of the contactor centrifuge type of plant® 
and it has incorporated in it provision for sludge recir- 
culation within the individual stages and equipment for 
a weak acid pretreatment of the cracked naphtha distil- 
late charge. The plant has sufficient capacity to treat ap- 
proximately 5800 barrels of cracked naphtha distillate 
a day with 98 percent black sulfuric acid applied at the 
rate of 14 pounds of acid per barrel of distillate, which 
is the required capacity for a plant nominally rated at 
5000 barrels per calendar day. 

Stratford Engineering Corporation designed and con- 
structed the plant. The contractor worked closely with 
the company’s engineering department in planning the 
plant so that the final design incorporated all of the 
company’s standard construction practices and design 
details. 

FLOW THROUGH THE PLANT 


The flow through the plant is easily followed on the 
accompanying flow chart (Figure 1). It will be noted 
that the new plant consists of the acid contacting and 
separating stages only, The Texas Company having 
elected to use existing adjoining equipment for the 
water washing and neutralization stages. The arrange- 
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ment of the plant is shown on the accompanying plot 
plan (Figure 2). 

The plant can be conveniently divided into two parts 
for description. These two parts are (1) the treating 
system and (2) the refrigerating system. These two 
parts are in contact in the chillers and in the refrigerated 
contactor heads, in which the refrigerating ammonia 
is on one side of a tube wall and the oil undergoing 
treatment on the other side. 


WEAK ACID PRETREAT EQUIPMENT 


One important element of the treating system is the 
weak-acid pretreat equipment, which is designed to 
remove nitrogenous compounds from the cracked naph- 
tha distillate charge, thereby improving the color sta- 
bility of the finished naphtha and facilitating the hy- 
drolysis of the sludge formed in the treating process. 
In this equipment the charge to the treating plant, after 
being cooled by heat exchange with the outgoing treated 
naphtha is contacted with 30° Be. acid by means of 
orifice type mixers and flows, for separation of the acid, 
to a horizontal settler, which is of welded construction 
and is equipped with a decelerating system. The weak 
acid settling out in the settler is recirculated back to 
the mixers by a small centrifugal pump of acid- 
resisting bronze. Ail piping in which weak acid flows 
is copper-silicon-manganese alloy; however, the settler 
shell is of firebox grade steel, dependence being placed, 
since there is no velocity of flow in the vessel, in the 
corrosion inhibiting effect of certain elements in the 
sludge and in a 0.30-inch corrosion allowance as as- 
surance of a reasonably long service life. 


DESIGN OF VESSELS, CONTACTORS AND 
PUMPS 

All vessels to contain oil are designed for 100 pounds 
per square inch pressure according to the API-ASME 
Code and, with the exception of the weak-acid settler, 
the corrosion allowances are approximately 0.16-inch. 
Acid blowcases and the air receiver are designed ac- 
cording to the ASME Code for Unfired Pressure 
Vessels. 

One horizontal refrigerated contactor is provided 
for each of the three counterflow stages. Basic princi- 
ples and the early types of these contactors have been 
described by Stratford® and the present refrigerated 
head-type by Altshuler, Graves and Brown’. 

Three pumps of the rotating plunger type circulate 
the sludge from the settlers to the contactors. Three 
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two-stage centrifugal pumps are provided for charge, 
booster, and transfer service, the transfer pump being 
manifolded to serve as spare for the other two pumps. 

The clarifier, the function of which is to coagulate 
the small amount of sludge in the naphtha leaving the 
last settler and thus cause such sludge to settle out of 
the outgoing stream, is a rock-packed vertical cylindri- 
cal vessel designed according to the API-ASME Code 
for the same pressure and with the same corrosion al- 
lowance as the settlers previously described. Vesper has 
discussed the construction and purpose of equipment of 
this kind’. 

HEAT EXCHANGE EQUIPMENT 


The heat exchanger exchanging heat between the 
incoming charge and the outgoing treated naphtha 
consists of three floating-head type units. The sludge 
heater consists of two twin-finned sections approxi- 
mately 12 feet in length. 


OPERATION OF TREATING SYSTEM LARGELY 
AUTOMATIC 
The operation of the treating system is almost 
altogether under automatic instrument control and 
only one operator is required on a shift. From a 
position at the desk in front of the control board the 
operator can make a practically complete check of 





every detail of the operation, as all control and re- 
cording instruments, with the exception of the liquid 
level controllers which discharge the sludge acid 
from the final sludge settler and the three intermedi- 
ate settlers, are found on the control board, together 
with all important indicating pressure gauges and 
other indicating instruments. The liquid-level con- 
trollers for the settlers are installed on a special 
instrument board in front of the settlers as their 
inclusion on the control board would have resulted 
in an undesirably long run of connecting piping. 
These liquid-level controllers are of the averaging 
type and are actuated by the differential pressure be- 
tween a connection to the settler in the naphtha 
space and one in the sludge acid space. 

Two pressure regulators are used on the air 
system, one to control the air pressure applied to 
the acid blowcases and the other on the air supply 
to the instruments. Other instruments include rate- 
of-flow controllers on the incoming charge and on 
the fresh acid application, temperature controllers 
on the naphtha leaving the contactors and the sludge 
heater, temperature recorder on final sludge settler, 
differential pressure gauges recording the pressure 
differential across the ammonia control valves on the 
chillers, and recording flow meters on the weak 
acid and on the sludge flow from the first and second 
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FIGURE 1 
Simplified flow chart of The Texas Company’s acid treating plant at the Los Angeles refinery. 
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FIGURE 2 


Arrangement of equipment facilities in acid treating plant is shown by the above plot plan. 


stages. All instruments are spring-driven account of 
the explosion hazard which might occur with electric 
drive. 


DESCRIPTION OF REFRIGERATION SYSTEM 


The refrigerating system includes four vertical, 
two cylinder ammonia compressors, each equipped 
with partial bypass and directly connected to syn- 
chronous motors. As synchronous motors cannot be 
readily made explosion proof, enclosures are pro- 
vided for all collecting rings, which enclosures are 
so arranged and controlled by electric interlock that 
a pressure above atmospheric must exist in such 
enclosures whenever the motors are operating. This 
pressure is provided by a blower driven by a small 
explosion-proof motor and arranged to take air from 
a safe point and to discharge this air into the collect- 
ing enclosure from which it flows into the com- 
pressor room. 


SPRAY TYPE CHILLERS 


In addition to the usual ammonia condensers, re- 
ceivers and other ordinary refrigerating plant equip- 
ment, three spray-type chillers are provided to cool 
the oil before it passes into the refrigerating con- 
tactors. Each chiller consists of a vessel enclosing 
nested circular coils, arranged with a liquid-level 
control to maintain a constant level of ammonia fill- 
ing the lower third of the vessel. This level is visible 
in gauge glasses which show the cold ammonia liquid 
through clear non-frosted glass. One vertical, re- 
‘eiver type centrifugal pump?® is provided in connec- 
tion with each chiller to pump the liquid ammonia 
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from the chiller to the refrigerating head of the con- 
tactor and thence back to the chiller where the un- 
vaporized ammonia is sprayed over the nested cir- 
cular coils. On the second and third stages 48-inch 
diameter chillers are used and on the first stage a 
42-inch diameter chiller. 

A two-stage, chain-driven compressor with explo- 
sion-proof motor, automatically controlled, provides 
air for the instruments and blowcases. This com- 
pressor is provided in order that the treating system 
air pressure will not fluctuate with the demand from 
other parts of the refinery. 


BUILDING AND DESIGN OF SPECIAL ROOM 
FOR SWITCHBOARD 


The 48x 90-foot building, which houses certain 
parts of the equipment indicated on the plot plan 
(Figure 2) is of steel frame, corrugated asbestos 
construction. A concrete cross wall extending to, and 
sealed against the roof and side walls and without 
communicating doorway, separates the compressor 
room from the treating room. On the compressor- 
room side this wall forms one side of a low mono- 
lithic concrete switchboard room which is isolated 
from both the treating room and the compressor 
room. This concrete switchboard room extends the 
full width of the building and is approximately 10 
feet wide and 10 feet high. In this room is assembled 
all electrical equipment which it was not considered 
desirable to make of explosion-proof construction. On 
the concrete roof of this room is mounted a blower 
fan equipped with an explosion-proof motor. This 
fan takes suction through a dummy ventilator on 
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FIGURE 3 View of settlers and liquid level control board 





FIGURE 4 Interior of switchboard room showing cubicle type switchboard and exciters 
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the roof of the building and discharges into the 
switchboard room through a diffusing louver, thus 
maintaining this room under pressure, as, except for 
the ventilators provided near the ground for the exit 
of the excess air the room is otherwise tight. In this 
way a slight pressure above atmospheric is main- 
tained, thus providing economical protection against 
the possibility of entry of any inflammable gas. 

The interior of the switchboard room is visible 
from the compressor room through the polished wire 
glass, fixed steel sash windows which are provided in 
the low wall between the two rooms. 

The cubicle type, totally-enclosed switchboard was 
constructed as a unit. It contains full-length panels 


DESIGN OF DETAILS 


In both design and erection of the plant careful 
throught was given to convenient and economical 
operation, safety, and good appearance. Piping is at 
one elevation for north and south lines and at 
another for east and west lines, thus facilitating any 
future changes. Plug cocks are used almost exclu- 
sively in all oil piping and specially designed emer- 
gency shut-off plugs are provided for all settlers. 
All valves and vessel openings are accessible from 
the floor or from structural-steel platforms and all 
platforms where possible have two exits by stairway, 
no ladders being used. Ample head room is provided 
everywhere. The system which operates under 90 





FIGURE 5 


Interior of building showing contactors in foreground, ammonia pump and chillers in 
background. 


for the incoming 2300- and 440-volt services and sep- 
arate panels for the control equipment for each of 
the four 2300-volt synchronous motors. All 440-volt 
control equipment is housed in the smaller part 
of the board in which part of the board the controls 
are double checked. Explosion-proof start and stop 
buttons are installed in the immediate vicinity of all 
motors. The circuit-breaker panel board for the light- 
ing system is also located in the switchboard room. 

All lighting fixtures are of the vapor-proof type 
but the switches controlling the various circuits, 
which are located to be convenient for the operator, 
are explosion-proof type. Exterior lighting is by 
floodlights. All wiring in conduit under the floor 
level is lead covered. 
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pounds per square inch pressure is protected by 
necessary relief valves. A door is provided, in each of 
the sections into which the building is divided, large 
enough to pass any piece of equipment therein. The 
trenches containing piping are ample in size and are 
covered with non-slip grating, set in structural-steel 
angle framework and supported by structural-steel 
supports. The fire-resisting doors and the steel sash 
in the windows which look from the treating room 
over the outside equipment are glazed with polished 
wire glass. Monorails are provided for handling all 
pieces of heavy equipment in the building and a 
davit is provided for handling the rock in the rock- 
packed clarifier. The floor and ditches are sloped 
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FIGURE 6 


Ammonia compressor and motor, showing slip ring enclosure and blower for 


maintaining air pressure in enclosure. 


so that any spill anywhere can be quickly washed 
away and drained to the plant sewer system. 


INVESTMENT REQUIRED 
The plant as described together with certain 
necessary auxiliary work done by The Texas Com- 
pany represents an investment of about $250,000.00, 
or approximately $50.00 per barrel of rated capacity. 


PERFORMANCE GUARANTEES 

The accuracy of the guarantees in the contractor’s 
proposal was demonstrated when the plant, on test 
run at full capacity, easily met all requirements. 
However, this successful performance was in a large 
measure anticipated because a thorough study of the 
accuracy of the laboratory tests and the validity of 
the correlation curves, used in forecasting results 
to be expected from new installations, had been car- 
ried out before the contract was signed. 


VALIDITY OF CORRELATION CURVES 

The most important correlation studied is that 
relating the larger acid dosage required in the labora- 
tory to the smaller acid dosage required in the 
three-stage counter-flow commercial plant for the 
same desulfurization. Failure to take this reduction 
in acid dosage represented by this correlation into 
account is undoubtedly the principal reason why 
many investigators, working on laboratory scale, 
have reported results showing that relatively small 
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savings (sometimes in acid but 
usually only in solution and poly- 
merization losses) are to be ex- 
pected from the application of the 
cold-treating process. The impor- 
tance of this reduction in acid 
under that required in the labora- 
tory is shown by the fact that, 
of a saving of 9.8 pounds of acid 
in treating a certain distillate, 5.3 
pounds, or 54 percent, was due to 
the three-stage counterflow effect. 
Davis and Hampton’ have dis- 
cussed this matter in detail and 
an example of the type of corre- 
lation curve and warnings as to 
its application are available.’ ® 


COMPARATIVE TESTS ON 

COMMERCIAL EQUIPMENT 

By reason of a fortunate com- 
bination of circumstances, The 
Texas-Company’s study of the ac- 
curacy of the method used in fore- 
casting results to be expected 
from new installations included 
full-scale commercial test runs, on 
different portions of the same 
batch of vis-breaker naphtha dis- 
tillate, in its own existing plant 
and in a three-stage counterflow- 
settler-type cold-treating plant. 
By making the necessary labora- 
tory tests upon a portion of the 
same distillate and forecasting the 
results to be expected, it was pos- 
sible to make a three-way com- 
parison between the existing 
plant, the cold-treating plant and 
the forecasted results. 

This comparison showed that, although the exist- 
ing plant was, by reason of its careful design, sur- 
prisingly efficient for an uncontrolled temperature 
type of plant, nevertheless use of the cold-treating 
process would make the savings which have been 
described in the previous discussion of the guaran- 
tees in the contractor’s proposal. The validity of the 
correlations used in forecasting was also established, 
particularly in the case of the “laboratory acid versus 
plant acid” correlation. 


CONCLUSION 
The performance of the plant during the several 
months since its acceptance has been at the same 
high efficiency as during the test run. It is evident 
that this investment makes the refinery operation 
much more flexible because of the resulting ability to 
reduce the sulfur in finished cracked naptha distil- 
late to any required specification with a reasonably 
low sulfuric acid dosage and a materially increased 
yield of marketable gasoline of a desired specification 
at a very much reduced and low operating cost. 
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Experimental Studies on 


Non-F luid Lubrication 


PART I 


Wear Phenomena in Fluid Lubrication 


S. KYROPOULOS 


California Institute of Technology, Pasadena 


T is generally admitted that there are two types of 

lubrication: fluid and boundary lubrication. The 
former is characterized by being governed by the 
laws of hydrodynamics, the lubricated surfaces being 
covered during their relative motion by a film of lu- 
bricant which is thick in comparison with molecular 
dimensions and any asperities of the surfaces. The 
only property of the lubricant, entering into hydro- 
dynamic or fluid lubrication is its viscosity at the 
operating temperature and the gradient of mechani- 
cal shear." ? One of the principal effects of viscosity 
in practical bearing operation, where we are dealing 
with bearings of finite length, is to prevent the oil 
from escaping. In this sense viscosity is comparable 
to an inertia force, the thickness of the oil film on 
which the journal is floating in its bearing being 
provided and preserved by the pumping action of the 
rotating journal. It is for this reason and the result- 
ing self-centering of the journal that less viscous oils 
may be used as the pumping action increases with 
higher journal speeds. 

Figure 1 shows a cut through the wedge-shaped 
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FIGURE 1 


Schematic Representation of Hydrodynamic Lubrication. 
(Bearing clearance grossly exaggerated ). 
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HILE fluid lubrication in itself cannot result 

in wear, experimental evidence is presented of 
an electrical effect in fluid lubrication which pro- 
motes wear in regions of small (fluid) film thick- 
ness in the presence of solid particles. Admixture of 
polar compounds or combustion products tends to 
counteract this type of wear, imparting to the oil 
electrical conductivity which in turn counteracts the 
electrical effect. 











oil film which is built up under the “floating” journal 
under conditions of field lubrication. A similar oil 
wedge is formed between all properly designed glid- 
ing surfaces (e.g., between pistons and cylinders). 

These mechanical considerations, as well as con- 
siderations of the molecular forces, operative be- 
tween the molecules of the lubricant and these mol- 
ecules and the surfaces, show that the practical no- 
tion of “load carrying capacity” of an oil has no 
other physical significance. 

Boundary lubrication is obtaining when the thick- 
ness of the oil film becomes of molecular dimensions, 
probably in most cases when there is only one 
monomolecular oil layer—the adsorption film—left 
on either of the lubricated surfaces. The property 
of the lubricant entering into boundary lubrication 
is the friction between the monomolecular lubricant 
layers as they glide past each other. There are fun- 
damentally three reliable methods for measuring the 
coefficient of friction of boundary lubrication: 
Hardy’s method’, measuring the force which opposes 
itself to gliding from the state of rest, the method of 
Kyropoulos and Shobert*, using the equation of vi- 
bration and the method of Boerlage and Blok’, 
working fundamentally on a similar principle. To the 
author’s knowledge these are the only methods 
which exclude viscosity effects, obtaining even at 
film thicknesses which show interference colors.® 

Figure 2 represents schematically a typical lubri- 
cating layer, assuming the oil to be composed of 
paraffinic hydrocarbon molecules with a “polar” 
head. With this head they are adsorbed to the bound- 
ary surfaces, forming a boundary layer which is, in 
this case, formed by three molecules. In the interme- 
diate zone groups of molecules are shown as they 
occur in the liquid state, orientated in the direction 
of bearing motion (“flow-orientation”)*. The mole- 
cules are slightly cemented together: their paraffinic 
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chains (rods in the picture), by the dispersion forces, 
their polar heads (circles), by the dipole forces. 
Scientifically, the problems of hydrodynamic and 
boundary friction are of equal importance. In prac- 
tical applications the former deals rather with fric- 
tion or friction losses proper, whereas the latter be- 
comes even more important in so far as it is supposed 
to play a part under those conditions of lubrication, 
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FIGURE 2 


Schematic Representation of the Lubricating Layer in the 
Operating Bearing. (Polar Fatty-Acid Molecules as Lubricant. 


where loss of material, wear, occurs. This goes so 
far that since the time when boundary friction began 
to be investigated scientifically, it is generally taken 
for granted that it is the difference in adsorption 
forces and in boundary friction found with various 
types of lubricants, which causes the vast differences 
of lubricating-—or better: protective — value and 
wear, found with different oils in practice. There is 
certainly a parallelism between these phenomena, but 
from a critical point of view we should remember 
that no quantitative relations are known. So it 
would be best just to distinguish in lubrication be- 
tween the problem of friction loss and material loss, 
as explained above, defining the problems, thus, quite 
generally and considering only well established rela- 
tions and experimental evidence. Only recently it 
was reported that there is no fundamental and gen- 
eral correlation between friction and wear’. 

One of the greatest obstacles to the understanding 
of the most serious problem of lubrication, the “loss 
of material” problem, was the confusing of idealized 
surface conditions—smoothness—with actual surface 
conditions—the roughness—of machine parts as pro- 
duced by current workshop processes. Furthermore, 
the word “oiliness” was introduced in the discussion 
of lubrication problems, a word which gradually and 
subconsciously assumed almost the meaning of a 
physical notion where it was originally just an ex- 
clusion principle, embracing all non-hydrodynamic 
extra-effects an oil might show in lubrication. 

In view of the ambiguity of the expression “oili- 
ness” the word shall no more be used in this series 
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of papers. We shall also refrain from using model 
concepts like “film strength” which, strictly speak- 
ing, anticipate the very explanation looked for, of 
certain observations. The same holds of hypotheses 
put forward for explaining one particular phenom- 
enon but otherwise inconsistent with experiment. 
The assumption of molecular interaction at long dis- 
tances for explaining running properties of metals 
is an example of that point. This assumption is a 
handicap to true insight into the phenomena because 
it is well known from structural chemistry and spec- 
troscopy that molecular interaction does not exceed 
distances of six Angstrom units. 

In several papers® the correct molecular physical 
treatment of the second problem of lubrication, the 
loss of material problem from the point of view of 
boundary lubrication, has been outlined and the 
necessity emphasized of considering the interference 
of wear particles in all practical problems. 

In this discussion the wear problem is studied 
experimentally from two aspects: (1) which is the 
mechanism of interference of wear (as well as any 
solid particles) with the finish of lubricated surfaces ; 
(2) which is the influence of the lubricant on surface 
finish, comprising the effect of various addition 
agents, including “extreme pressure” agents. The 
experimental results are interpreted from a more gen- 
eral physico-chemical point of view and compared 
with the experimental work of other authors notably 
on surface polish. On this basis the practical sig- 
nificance of adsorption and orientation phenomena 
for non-fluid lubrication is reviewed. 


ELECTROSTATIC EFFECTS IN FLUID 
LUBRICATION 

Although a general discussion of the significance 
of adsorption, static friction and molecular cohesion 
for lubrication shall be postponed, some facts shall 
be quoted here which raise doubts with regard to 
the close connection between the factors mentioned 
above and non-fluid lubrication in practice. 

Thus, mineral oils have not always an appreciably 
lower coefficient of static friction than “oiliness” 
additions as measured by the pendulum method‘. 
Furthermore, assuming Hardy’s* measurements of 
such coefficients to be correct, and refraining from 
additional hypotheses, his result: greater friction 
with a paraffin than with the corresponding alcohol 
and acid, is contrary to what would be expected from 
the structure of supposedly mono-molecular films. 
30th alcohols and paraffins should permit a closer 
packing than acids and consequently show smaller 
fields of force, less friction, at the CH, end. On intro- 
ducing “film strength” in its physical meaning, i.e. 
considering lateral cohesional forces, the same diffi- 
culty arises from considerations of packing density. 
These examples show that the explanation of non- 
fluid lubrication on this basis can certainly not be 
general. More recent experiments by Boerlage and 
Blok® show that the boundary friction of the proto- 
types of “oily” oils, the fatty oils, which contain polar 
end groups, increases at temperatures of about 200°C 
to the value for mineral oils and even rapidly exceeds 
these values. Neely’s’ conclusions have been men- 
tioned already. 

This situation was the reason for resuming an 
experimental investigation of the influence of various 
lubricants on the running-in and wear process. An 
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extension of the investigation on more lubricants and 
different materials is in progress. 

The essential parts of the wear-test machine (built 
in 1936) are shown in Figure 3. The journal (J) is 
polished tool steel. It is rotated by an electric motor 
which is electrically insulated from it, at a speed of 
about 1,700 revolutions per minute. The test piece 
(R) was in most of the experiments a portion of a 
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FIGURE 3 


Schematic Representation of Wear-Test Machine. 


cast-iron piston ring with high surface polish, 
acquired by prolonged use in an internal-combustion 
engine. It is fixed in a holder which may or may not 
be electrically insulated from the rest of the appa- 
ratus. The “test specimen” (R), with its holder is 
fastened on a lever which rests with a constant 
weight on the rotating journal, making an axial back- 
and-forth motion relative to the journal in direction 
of the arrows. The journal may be lubricated with 
various oils, dipping into an oil pan so that a lubri- 
cating layer forms between (R) and (J). 

3y connecting journal and specimen in an electric 
circuit, formed by a battery (4.5 to 45 volts) and a 
voltmeter, in series, to form part of the circuit, inter- 
rupted only by the oil film between (R) and (J), it 
can be shown that lubrication is mainly of the fluid, 
hydrodynamic type, the voltmeter showing only 
seldom deflections. On running the machine for 1 
to 24 hours, a small oval wear print forms on the 
specimen and the predominance of fluid lubrication 
increases. 

It was found that, notably on prolonged running, 
the appearance of this wear spot tended to be differ- 
ent for straight mineral oils and oils containing a 
polar addition. In the case of straight mineral oils 
the “polish” acquired by the wear spot is resolved 
under the microscope into a system of more or less 
deep scratches in the running direction of the jour- 
nal, causing the impression of a high polish to the 
naked eye. When the oils contain a polar addition, 
the polish tends to be smoother and any scratches 
to be less deep and shorter. Moreover, to judge from 
the scratched upper edge of the wear print—the edge 
where the oil enters during the run—there are fewer 
and smaller wear particles formed in the case of the 
oil with the polar addition. 

Another remarkable fact is that doped oils show 
much more tendency to roll (cold work) the wear 





*These considerations hold independently of any occasional local 
splitting off of HCl or Cls. Both effects shall be discussed in a sub- 
sequent paper. The point under discussion is not what is commonly 
termed ‘‘corrosion.’’ In the paper quoted there is also an example 
where the X-ray patterns show in conjunction with load tests that 
steep molecular orientation or thickness of adsorption layers are not 
responsible for lubricant performance: 

Oil Addition Timken Test Addition Characteristics 
° 
SAE 30 + 1% methyl dichlorostearate 28 Ibs. “49 A spacing, double 
layer’ 


SAE 30 + 1% trichloronaphthaline 27 lbs. ‘‘not oriented” 
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print surface instead of removing stock, which is 
demonstrated by a gradual bridging and closing of 
holes in the specimen which, in this case, are craters 
originally filled with graphite, which formed during 
the process of ring casting. 

As to the wear particles themselves, it was un- 
expectedly found that they do not only collect in the 
oil pan, but stick more or less to the journal, from 
which they can be easily wiped off with tissue paper. 
This was considered as a hint of their being deposited 
and held there by electric fields. 

There is another fact that directed the attention 
to electric phenomena as a possible reason for wear. 
In various oil-testing machines (e.g. in the Weeks 
test) it has been found that the addition of the ester 
methyl stearate to an oil was much less efficient than 
the similarly constituted methyl dichlorostearate, in 
which two hydrogen atoms are substituted by Cl- 
atoms at the carbon atom next to the —COOCH, 
group. 

On the hypothesis that it is the frictional charac- 
teristics of the adsorption layers of methyl-stearate 
and methyl-dicholorostearate respectively which are 
responsible for the difference in performance of oils 
containing these additions, precisely the reverse 
order of performance should be expected. The volu- 
minous Cl-atoms should, if they make any differ- 
ence, not permit so close a molecular packing in the 
adsorption layer (Figure 2) as with methylstearate. 
This should result in a higher boundary friction at 
the free ends of the adsorbed molecules because they 
are standing slightly more apart, their molecular 
forces thus being less saturated by neighboring ad- 
sorbed molecules than with methyl stearate. This 
theoretical consideration is in excellent agreement 
with the X-ray work of Clark, Sterrett and Lincoln’® 
who interpret the X-ray patterns obtained with films 
of the chlorinated ester as representing polymolecular 
layers in contrast to the less complex patterns of 
methylstearate. It is obvious that a molecular layer 
such as forms with methyl dicholorostearate which, 
thus, has stronger force fields at its free ends, cannot 
be claimed to have weaker fields in boundary fric- 
tion; one more example that the essential effect of 
“oiliness” must be something entirely different. 

If we consider, however, that there is always 
enough water present to cause a slight hydrolysis 
or saponification of these esters, resulting in the 
formation of traces of the respective acids, stearic 
acid and dichlorostearic acid, we see immediately 
that the latter must be much more dissociated than 
stearic acid into the acid ion (in this instance CH,” 
(CH,),; C(Cl), COO’), and hydrogen ion H*"*) the 
hydrogen bond being considerably weakened by the 
polarizing effect of the two Cl-atoms. The respective 
ratio of the dissociation constants may be easily as 
high as 1:10,000. 

This effect should considerably increase the elec- 
trical conductivity of the oil and thus tend to sup- 
press the formation of electrical fields and charged 
particles.* 

To test the electrical hypothesis of the observed 
wear effect, an insulating Bakelite holder was built 
for the specimen. Parallel experiments were run for 
the same oil and, thus, electrically insulated speci- 
men, and with specimen and journal connected by a 
thin copper wire. Figures 4 to 7 show on a straight 
mineral oil and on an oil containing an addition agent 
characteristic examples of a large number of similar 
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Mineral Oil, SAE 30—6.5 Hour Run, 
Dark Field Illumination. (32X). 


FIGURE 4 
Journal and Special Electric Connected: 
Smooth Surface. 








FIGURE 5 
| Journal and Special Electric Insulated: 
Scratched Surface. 


experiments. The pictures were made with dark field 
illumination, white spots and lines marking the 
strong reflection of scratches, the polish proper ap- 
pearing black. 

Thus, it is demonstrated that by an outside elec- 
trical connection the effect of an “oiliness’’ addition 
can be produced to a certain degree. The insulation 
of the specimen by Bakelite represents an extreme 
case of the electrical effect, varying intermediary 
grades of which were found in preliminary experi- 
ments, where the specimen in its original brass holder 
was only imperfectly insulated by the many lubricat- 
ing layers between the moving parts of the machine 
which in turn should be the origins of similar electric 
fields. 

The effect as shown by Figures 4 to 7 is not re- 
stricted to straight mineral oils. It is still very notice- 
able with an oil containing 1 percent methyl dichlo- 
rostearate and almost disappears on increasing the 
amount of this addition to 2 percent. This is again 
evidence in favor of the electric conductivity effect 
and incompatible with the “orientation” and adsorp- 
tion hypothesis of the action of polar additions on 
which 1 percent of the addition, which certainly is 
sufficient to cover the surface, should also be suffi- 
cient to protect it. 


MEASUREMENT OF ELECTRIC EFFECT 
To measure roughly the electric effect, the speci- 
men and journal were connected with a sensitive 


276 


Wear Prints Formed in Wear-Test Machine 


Mineral Oil SAE 20 plus 1 Percent Methyl-Di- 
chloro-Stearate. 21.5 and 22.7 Hours Run, Re- 
spectively, Dark Field Illumination. (32X). 





FIGURE 6 
Journal and Special Electric Connected: 
Smooth Surface, 








FIGURE 7 
Journal and Special Electric Insulated: 
Scratched Surface. 


string electrometer. Because of the inertia of the in- 
strument such measurements are inaccurate. Allow- 
ing for resonance of the string, the occurring voltages 
may be, conservatively estimated, of the order of 0.1 
volt. This corresponds to electric fields of the order of 
100 V/cm on the very conservative assumption of film 
thicknesses of 0.01 mm. As would be expected on 
increasing the distance of the plates of a charged 
electric condenser, the effect and voltage increase 
considerably when the oil film thickness is increased 
by reducing the load on the specimen. For the same 
reason (of a thicker oil film) the effect is strongest 
in each individual run at the ends of the travel of 
the specimen. Investigations with a cathode ray 
oscillograph showed that the effect consists of sud- 
den potential surges in one direction, the number of 
which may be of the order of 500 per minute, being 
smaller when the journal is operated by hand. This 
means that in quick succession electric fields of con- 
stant direction are built up and break down, which 
act like a direct current. 

Static charges associated with the flow of light 
hydrocarbons are known for a very long time (see 
e.g. D. Holde, Kohlenwasserstoffoele u. Fette, Berlin 
1924, p. 129 et seq.) although sometimes erroneously 
interpreted as due to friction between metal and 
hydrocarbon. For oils such effects were discussed and 
studied in an earlier paper’. The experimental 
arrangement used at that time did not permit their 
demonstration. Their origin is easy to understand 
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as a consequence of surface-and flow orientation. 
Molecules, orientated steeply with their largest polar- 
izability perpendicular to the surfaces come in con- 
tact with flowing molecules presenting their direction 
of smallest polarizability which amounts to the con- 
tact of two media with different dielectric constants 
even with a homogeneous liquid of the type of a 
mineral oil. 


CONDUCTIVITY MEASUREMENTS 

To compare oils of known performance with the 
electrical hypothesis, conductivity measurements 
were made by connecting a battery of 133 volts, the 
oil in a cylinder condenser and a string electrometer 
in series and measuring the time it takes to charge the 
electrometer to a constant potential with different 
oils. The results are shown in Table 1, the charging 
times being inversely proportional to the conduc- 
tivities. 

TABLE OF CONDUCTIVITIES 


Time 

No. Oil Addition seconds Remarks 
1 Motor Oil SAE 20 (solv. ref.) None 4.3 
2 Motor Oil SAE 20 1% methyl stearate 4.6 
3 Motor Oil SAE 20 1% methylphenylstearate 5.0 
4 Motor Oil SAE 20 1% dimethylsebacate 5.0 
5 Motor Oil SAE 20 -+ 1% methyldichlorophenyl- 

stearate 3.2 
6 Motor Oil SAE 20 1% methyldichlorostearate 2.9 
7 Motor Oil SAE 20 1% Ester from paraffin 

wax ca. 0.5 
8 Mineral Oil SAE 30+ (1 to 1.5%?) Ca-phenyl- 

stearate < 0.1 (soap) 
9 Oil No. 1 SAE 30 + 0.75% methyldichlorostearate 5.1 
10 Oil No. 1 SAE 20 None, after 2000 miles’ 

use ca. 0.8 
11 Mineral Oil SAE 30+ (1 to 1.5%?) Ca-soaps of 

napthenic and other 

acids < 0.1 (soap) 
12 Naphthenic Oil SAE 30 No addition 9.4 
13. Naphthenic Oil SAE 30 + 1.3% Ca-dichloro- 

stearate < 0.1 (soap) 


The data of the table show the following effects: 

Under comparable conditions the conductivity in- 
creases with decreasing viscosity: oils 9 and 6. 

The oils containing chlorinated esters which 
showed very good performance both on earlier wear 
tests on the machine described above and on con- 
ventional “film strength” tests (oils 5 and 6) show 
a considerably higher conductivity than comparison 
oils 1, 2, 3, and 4. The effect of electrical connection 
of journal and specimen, as already described, can 
be well understood with oil 6, its conductivity still 
being poor in comparison with certain other oils. 

The oil containing the ester from paraffin wax, 
with its outstanding performance in wear tests has a 
very high conductivity. 

Used oils show better wear characteristics (accord- 
ing to previous experiments) and very much in- 
creased conductivity. They range with the best 
doped oils. 

The addition of a pure fatty ester to an oil does not 
appreciably change its performance and leaves its 
electrical conductivity unchanged (oils 2, 3, 4). The 
apparent exceptions (oils 5, 6, 7), i.e., the chlorinated, 
and the paraffin wax mixture, are characterized by 
easy saponification, resulting in the formation of 
acids which dissociate, thereby enhancing conduc- 
tivity. An initial acid content would have the same 
effect. 

The easily dissociating soaps with their doubly 
charged metal ions (oils 8, 11, 13) impart to the oils 
the highest conductivities. 


CONCLUSIONS 


_ The migration of solid particles in electric fields 
is a well studied phenomenon in colloid chemistry. 
Our experiments show that when there is an electric 
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field, any solid particles stick to at least one of the 
lubricated faces for a time long enough to cause 
excessive loads at these points. Thus, provided the 
initial clearance is small enough, at these peaks fluid 
lubrication is replaced by non-fluid, ensuing in wear. 

Small amounts of polar additions do not prevent 
such wear which may be reduced, however, by in- 
creasing the amount of addition. This shows that 
we are dealing with a bulk phenomenon. The drastic 
reduction of wear by making a metallic connection 
between the lubricated surfaces, shows that the bulk 
phenomenon is electrical conductivity which counter- 
acts the building up of an electric field and the charg- 
ing of particles. Electric conductivity of the lubricant 
may be brought about by the polar addition itself 
or by secondary reactions as explained above. The 
discharging efficiency of ions on the gliding surfaces 
as well as on the organosols of the metals constitut- 
ing the surfaces—or any other particles—increases 
with the charge of the ions. At the primary or 
secondary peaks (i.e., peaks produced by scratching) 
the electric field strengths may rise to much higher 
values, resulting in “field currents” (Millikan and 
co-workers?*), pulling out electrons from the surfaces 
and resulting in welding together of particles.” 


SUMMARY 

By means of a simple apparatus and microscopic 
observation, the dependency of surface wear and 
polish on the characteristics of the lubricant was 
studied. An electrical effect was found to be re- 
sponsible for wear in contrast to polish in the pres- 
ence of solid (e.g., wear) particles. The lubricating 
efficiency of an oil may be increased by excluding the 
electric effect and its resulting effects. This*may be 
done by direct electrical connection of the surfaces 
and/or by discharging the surfaces and particles by 
means of imparting electrical conductivity to the oil. 
Polar substances, added to the oil, perform this dis- 
charge directly or indirectly. Their effect is in low 
concentrations proportional to the resulting conduc- 
tivity of the oil. The magnitude of the electrical field 
strengths is such that it may lead to the building up 
of field currents at the peaks which will tend to pro- 
mote seizure. The electrical effect originates in fluid 
lubrication and leads to local non-fluid lubrication in 
small clearances. The physico-chemistry of non-fluid 
lubrication proper, in connection with surface struc- 
ture, wear and seizure, shall be treated in a later 
paper. 
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Application of Centrifugal Pumps 


to Refinery Service 
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HE production, refining, and transportation of 

petroleum products form one of . the world’s 
greatest industries, and these products in their vari- 
ous phases from crude oil to finished liquids must be 
handled and rehandled by pumps of one type or an- 
other. 

Selecting the correct pump for a given service is 
one of the problems with which the refinery engineer 
is almost continuously confronted, and it is the pur- 
pose of this paper to discuss in brief the various 
types of pumps used in the industry with particular 
reference to their characteristics and design features. 

Direct-acting pumps, both duplex and simplex, 
steam or motor drive, are more or less thoroughly 
understood and present no serious problem in their 
selection. These pumps still have a niche to fll in 
the general scheme of oil production and distribution, 
but, generally speaking, the trend is toward the 
adoption of the centrifugal pump for almost every 
service throughout the petroleum industry. 

This paper deals more particularly with the selec- 
tion of centrifugal pumps, as this type of machine 
does not seem to be as universally understood as the 
older and more familiar direct-acting pump. Blun- 
ders, due to oversight of fundamental characteristics, 
have resulted in expensive troubles which could have 
been avoided had these fundamentals been given 
proper consideration at the time the pumps were pur- 
chased. 

It does not require a thorough and extensive 
knowledge of their theory to select a centrifugal 
pump wisely. It is only necessary to observe certain 
basic principles. 

The centrifugal pump is probably the simplest of 
all forms of pumping equipment. It consists of three 
main parts—the casing, the shaft, and the impeller, 
and it may be classified under one of two general di- 
visions: (1) single-stage and (2) multi-stage. 

All centrifugal pumps operate on the principle that 
a liquid admitted to the center of a hollow rotating 
disc is thrown off with increased velocity at the periph- 
ery. When this hollow disc or impeller is rotated 
inside a properly-designed, closed casing, the velocity 
of the liquid leaving the impeller is gradually de- 
creased on account of the increasing areas of the 
casing through which it flows, and the kinetic energy 
of the liquid is converted into pressure. 
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HE writer brings out in a brief way the under- 
| lying fundamentals of centrifugal pump design 
and presents a picture of some of their most im- 
| portant applications. There has been no attempt to 
| present the matter in a technical way, as this would 
be next to impossible in the time available, when 
one considers the breadth of the subject. 

| The pump designs dicussed have been relatively 
few and only a few specific services have been men- 
tioned, but all the pumps have the basic features 
required for successful refinery pumps, and, there- 
fore, with slight if any changes can be used for the 
wide variety of services in the modern refinery— 
whether it be a combination cracking plant, a poly- 
merization plant, a solvent plant—for handling cold 
oil, hot oil, light refluxes such as propane, or sol- 
vents such as cresol, furfural, phenol, etc. 

This paper was presented before the Refinery 
Division, Oil-World Exposition, Houston, Texas. 
The statements and opinions expressed herein are 
those of the author. 











The modern centrifugal pump is so proportioned 
that this conversion is accomplished with a high de- 
gree of efficiency—90 percent is not unusual in some 
of the larger size single-stage pumps. 

In a multi-stage pump, diffusion vanes often re- 
place the volute section. The principle of the diffusion 
vane is much the same as the volute, in that the pass- 
ages formed by the vanes are of ever-increasing area. 

The operation of a centrifugal pump can best be 
understood by the study of three curves, called char- 
acteristic curves (Figure 1). The delivered capacity 
in gallons per minute constitutes the abscissae of 
each curve. The ordinates for the first curve are heads 
in feet, the second are brake horsepowers, and the 
third, efficiencies. 

The head-capacity curve shows the coincident 
heads and capacities for a given pump and a par- 
ticular impeller. The data for this curve is obtained 
by varying the amount of head which a pump de- 
velops while operating at constant speed. This is 
done by means of a valve in the discharge line. Each 
opening of the valve produces a different resistance 
to flow which modifies the observed head and ca- 
pacity. If there are sufficient valve settings between 
wide open and completely closed or shut-off, a curve 
can be plotted through the points obtained. 

There are three characteristic shapes of head ca- 
pacity curves—rising, flat and sloping—depending on 
the vane angles of the impeller. However, the flat 
and sloping curves are those most universally used. 
The flat curve gives a great range of capacity with a 
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slight variation in head which is desirable when 
most of the head is friction and there is a possibility 
of operating at partial loads. The sloping of steep 
curve shows a maximum change in head with a 
minimum variation in capacity and horsepower, 
which is desirable when most of the head is static. 
One curve or the other should be used, whichever 
best fits the particular set of conditions. 

The brake-horsepower curve is plotted directly 
from the dynamometer readings and is self-explana- 
tory. 

The efficiency of the pump is the relation between 
the hydraulic horsepower required to elevate a certain 
quantity of liquid to a given head and the actual 
measured horsepower input to the pump coupling. 
This curve is plotted through the points obtained by 
dividing the hydraulic horsepower by the horsepower 
input measured by the testing dynamometer. 

There are a number of factors which tend to reduce 
the efficiency of the unit—namely, bearing and stuff- 
ing box friction, hydraulic losses, disc friction of im- 
peller, both inside and outside, friction due to flow 
through the casing and friction of the fluid itself, 
which you understand as viscosity. The proportion 
in which each of these losses exists, is difficult to 
determine, but can be approximately segregated. 

Let us return to the head-capacity curve for a 
moment. When handling cold water, if there is a 
positive head on the suction, the curve continues to 
drop off gradually until the pump is delivering maxi- 
mum quantity at zero discharge. If there is any 
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appreciable suction lift, the head curve will break 
down at varying capacities, according to the suction 
conditions. 

This curve shows the effect on the characteristic 
of varying conditions on the suction side of a 5-inch 
pump and is based on actual tests. Note that with 
a 24-foot lift, the maximum capacity that can be 
obtained without a breaking down in capacity is 600 
gallons per minute; at 15-foot lift, 1150 gallons; at 
8 feet, 1400 gallons, etc. This breaking down of the 
head curve is due to the phenomena of cavitation at 
the impeller eye. This might be explained as the 
breaking down or partial loss of the solid column of 
liquid going to the impeller. When this column is 
completely broken, the centrifugal pump will cease 
to operate. The capacity that any pump will deliver 
under such conditions will depend on the rotative 
speed and the area of the eye at the entrance to the 
impeller—the larger the area, the lower the velocity, 
and, within certain limits, the greater the capacity 
that can be handled with any given lift. It is impor- 
tant to keep this point in mind, as it has a direct 
bearing on the selection of pumps for handling hot 
water or hot or cold volatile oils. 

The characteristics of a pump when handling non- 
viscous oils, kerosene, or gasoline, are identical with 
those of the same pump when handling water. How- 
ever, the actual pressure that will be developed, in 
pounds per square inch,.is dependent on the specific 
gravity of the liquid pumped. Thus, a pump that will 
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develop 100 pounds on the basis of water, will de- 
velop only 75 pounds on the basis of 57 degree API 
gasoline having a specific gravity of .75. 

In refinery work, liquids are often handled which 
have a higher viscosity than that of water, and the 
characteristics when pumping this viscous oil will 
vary with the viscosity coefficient of the oil. Up to 
about 60 seconds Saybolt Universal, there is no ap- 
preciable change of either the head, capacity or the 
efficiency. Above 60 seconds, there is a noticeable 
reduction in the efficiency, because of the internal 
friction of the higher viscosity oils. There is, how- 
ever, no noticeable change in the head and capacity 
until the viscosity exceeds 100 or 200 seconds, accord- 
ing to the size of the pump to be used, the effect 
being greater on smaller pumps. The general effect 
of high viscosity is to reduce the capacity the pump 
will deliver at any given head, and it is then neces- 
sary for the manufacturer to make allowances in his 
design to compensate for this difference. Most manu- 
facturers have available sufficient test data so that 
they can quite accurately predetermine the perform- 
ance of a pump when handling a liquid of any stated 
viscosity. 

In refrigeration processes, viscosity must also be 
considered when selecting pumps to handle brine 
which, in certain concentrations and certain tempera- 
tures, is viscous enough to effect the capacity and 
efficiency of the pump much the same as heavy oil. 

The suction conditions under which a unit is to 
operate should receive careful consideration. With 





cold water at sea level the theoretical limit of suction 
lift is 34 feet, although it is not practicable to attempt 
any such lift with a commercial centrifugal pump. 
Lifts higher than 20 feet should not be attempted, 
unless special precautions are taken. Furthermore, 
on high lifts, the capacities that can be handled by 
a pump usually fall in the range of the pump charac- 
teristic where the efficiency is low. 

Oils having low vapor pressures can be handled 
with a reasonable suction lift, closely approximating 
that of water; but with hot water and volatile oils, 
such as gasoline, propane, and butane, the vapor 
pressure of the liquid should be considered and a 
liberal head above the vapor pressure should be 
allowed, to assure the liquid getting through the im- 
peller eye. 

This extra head is known as suppression head or 
net positive suction head above the vapor pressure 
of the liquid and must be provided on practically 
every refinery pumping job, including boiler feed. It 
is more accurately expressed as the head required 
on the suction in feet of the liquid being pumped to 
insure the proper operation of the unit without 
cavitation. 

Net positive suction head is the difference between 
the height of the liquid in the suction accumulator 
and the centerline of the pump, less the pipe friction 
in the suction line. 

Formulae have been developed from cavitation 
data in an attempt to predict the NPSH required but 
these have been proved not to be altogether accurate, 
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Figure 2. Manufacturers must therefore rely on 
actual test data in order to safely specify the suppres- 
sion head required. Such tests are usually made with 
hot water which has a constant boiling point and will 
all flash at a given temperature and pressure, whereas 
many petroleum products have a wide distillation 
range and only a small percentage of the lighter ends 
will flash off with a reduction in pressure required to 
get the liquid into the impeller eye. The pump will 
handle a reasonable quantity of entrained gas and, 
therefore, will handle such oils with a lower suppres- 
sion head than would be required for hot water. 
However, the conservative manufacturers should be 
guided by actual tests in making guarantees. 

When considering layouts involving pumps to 
handle volatile oils, a thorough study of the suction 
conditions should be made. The refinery engineer 
would do well to cooperate closely with the pump 
engineer so as to arrive at the most favorable suc- 
tion condition for the pumping units under considera- 
tion. Such cooperation can only result in better 
operating equipment. At any rate when requesting a 
quotation on pumps to handle hot or light liquids, 
be sure to include the kind of oil, the gravity and 
viscosity, the temperature, the vapor pressure, and 
the net positive head on the suction side of the pump 
above the vapor pressure of the liquid at the pumping 
temperature. 

Oils of extremely high viscosity should generally 
flow to the pump. However, in loading or transfer 
service, the pump will operate with considerable lift 
at the expense of a reduced capacity. 

Due to the characteristic limitations of a cen- 
trifugal pump, the matter of friction losses through- 
out the pumping system should be given thorough 
consideration if one is to expect the unit to deliver 
the required quantity of liquid. 

Friction losses through piping systems are esti- 
mated every day by refinery and hydraulic engineers, 
so it seems unnecessary at this time to go into the 
details of these calculations. The relation of the 
system loss characteristic to the pump characteristic 
is important, however, and, strange as it may be, is 
often overlooked when installing centrifugal pumps. 

The importance of correctly estimating line losses 


can best be illustrated by a curve (Figure 3) repre- 
senting the characteristics of a centrifugal pump on 
which is superimposed a curve representing the total 
friction losses in the piping system. 

By reference to this curve, you will note that a 
certain portion of the total pumping head is static, 
or the difference in elevation of liquid on the suction 
and discharge sides of the pump. To the static head, 
the line friction for various capacities must be added. 
It is obvious that if the losses through the piping 
systems are incorrectly estimated, the resulting de- 
livery of liquid will be more or less than required. 

If the actual losses develop to be greater than 
estimated, due to the limiting characteristics of the 
impeller, the capacity will be less as shown by Curve 
A, and, if the losses are less, then the capacity will 
increase as shown by Curve B. 

An increase in capacity may be advantageous at 
times but, if such increase is too great, there would 
be a tendency to overload the motor unless the pump 
impeller was of the non-overloading type very often 
furnished. If the pump is not equipped with a non- 
overloading impeller, the condition could be corrected 
by reducing the impeller diameter. 

The preceding discussion has been an attempt to 
cover the fundamentals of centrifugal pumping 
insofar as characteristics are concerned. However, 
today more attention is being given to the economical 
handling of corrosive oils so that the metals entering 
into the construction of the pump becomes just as im- 
portant from an operating standpoint as the proper 
selection of the pump as regards characteristics. 

The centrifugal pump has come into extensive 
refinery use on services such as: 

Main water supply. 

Small general service pumps. 

Hot oil transfer. 

Hot distillate and reflux. 

Hot oil still charging. 

Boiler feed. 

Crude oil, loading and cold charging. 


MAIN WATER SUPPLY 


Main water supply pumps are usually units for 
large capacities and for total heads under 100 feet. 
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Pumps for this service should show high efficiencies, 
although the construction should be such as to insure 
trouble-free performance on continuous service. 

For this service, a volute type, double-suction 
pump with cast-iron horizontally-split casing, bronze 
impeller, impeller wearing rings and shaft sleeves, 
ordinarily meets requirements, while, in some cases, 
where handling sea water or water contaminated by 
refinery drainage, special consideration should be 
given to the materials entering into the construction. 
On the pumps for larger capacities, a thrust bearing 
of good design is recommended. Such units are 
usually operated at comparatively low speeds. 


SMALL GENERAL SERVICE PUMPS 

Considerable time has been given by pump manu- 
facturers in the development and design of small 
general service centrifugal pumps in sizes up to 4 
inches. This effort on their part has been well re- 
warded, for these small pumps are now produced, 
showing efficiencies that were not thought possible 
as recently as two years ago. 

One of the most important developments is the 
single-stage, motor-driven, close-coupled pump of the 
overhung impeller type. These little units are ex- 
tremely compact and for light-oil or water service, 
they are both inexpensive and efficient, when used 
for heads under 250 feet and capacities under 1000 
GPM. Efficiencies as high as 82 percent are not at 
all uncommon on this type pump. 

These pumps in the sizes up to 3 inches, are 
generally designed to operate at a speed of 3450 
RPM, while in the larger sizes, limitations imposed 
by good impeller design necessitate a speed of 
1750 RPM. 

For capacities under 300 GPM and heads not to 
exceed 500 feet, it is practicable to construct the 
overhung type pump in two stages. The increased 
weight of the overhung parts prohibits the use of this 
type pump for capacities and heads beyond the range 
which has just been given. Sixty-cycle speeds are 
most commonly used. However these pumps can 
now be had to operate on current of any frequency 
or direct current. Explosion-proof motors should be 
provided where pumps are used to handle gasoline 
or other volatile liquids. 

For heads and capacities beyond the range given 
for the close-coupled pump, a two-bearing pump 
should be used. This machine is also designed to 
operate at high speeds and can be had for heads of 
approximately 275 feet. Double suction impellers are 
desirable, as they are more efficient for the greater 
capacities at high speeds. A modification of this de- 
sign is used in the single-stage hot oil and reflux 
pumps in which total heads of 600 feet are obtainable. 
On these pumps, ball bearings are admirably suited 
to the high rotating speeds and when mounted in 
proper housings, they require but little attention. 
Ball bearing housings should be constructed so that 
they will retain the lubricant and, at the same time, 
prevent dirt or moisture entering from the outside. 
The bearing housing should be mounted on a rigid 
support, preferably cast as part of the casing. 

The two-bearing horizontally split case pump, 
while ordinarily placed in the general service classifi- 
cations, is exceptionally well suited to oil service, both 
in refineries and absorption plants where they have 
been very successfully-used for handling lean oil, fat 
oil, gasoline, and reflux. When used on these services, 
the pumps may be arranged as single units, or, for 
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the sake of economy, they may all be mounted on 
one base with a single driver, Figure 4. 

Some may object to operating a pump at 3500 rpm, 
and, perhaps, with good cause. It is not an uncom- 
mon sight to see pumps previously designed for slow 
speeds stepped up to the higher speeds to reach heads 
and capacities beyond that for which they were 
originally intended. If such a practice is followed, 
one can expect trouble sooner or later. 

With a modern pump designed for high speed, 
operating at 3500 RPM, it is now possible to obtain 
service as free from trouble as with those operating 
at slower speeds. This, of course, applies to the 
smaller pumps, but it is only the limitation of 
hydraulic design that prevents the larger sizes being 
built for higher speeds. 


LOW PRESSURE HOT OIL AND REFLUX PUMPS 


The field covering low-pressure hot-oil and reflux 
pumps covers a range of capacities up to about 100 
GPM and pumping heads up to 600 feet. This range 
can be handled by single-stage pumps with the 
possible exception of the range under 100 GPM where 
it may be more efficient to use multi-stage units. 

Three different types of single-stage pumps are 
offered for this service. These types comprise the 
horizontally split case pump with both suction and 
discharge nozzles in the lower half of the casing, the 
vertically-split case pump of the two-bearing type, 
and the vertically-split case pump with overhung cas- 
ing and impeller. 

All of these pumps have been developed as the 
refinery processes have developed, the first used 
pumps being horizontally split and proportioned 
much the same as the water pumps which we have 
previously discussed. Troubles were experienced due 
to light construction and inadequate areas through 
the suction passages and impeller. The light construc- 
tion of the shaft and shaft supports, with resultant 
vibration, has been responsible for much of the pack- 
ing trouble experienced. Small passages through the 
suction have resulted in cavitation and vapor bind- 
ing unless an abnormally high head above the vapor 
pressure of the liquid is maintained on the pump 
suction. 

Having had good ground-work in trying to adapt 
water pumps to refinery oil pumping services, two or 
three pump manufacturers started in earnest to pro- 
duce pumps carefully designed for hot-oil service 
embodying the features found necessary. for success- 
ful and continuous operation regardless of service, 
and their efforts have met with a large measure of 
success. These features found to be so essential, and 
which should be included in any hot oil pump, are as 
follows: 

A heavy design as symmetrical as possible to resist 
distortion, heavy parting flanges and bolting to main- 
tain tight gaskets. 

Large well proportioned suction passages with 
corresponding large areas through the impeller eyes 
so that hot or cold liquid with relatively high vapor 
pressures can be handled with a minimum hot posi- 
tive head on the suction. 

The stuffing boxes should be extra deep and 
arranged with water jackets of sufficient size to iso- 
late the bearing supports from the hot portion of the 
casing. 

The glands should be split and of the smothering 
type with a water connection to reduce the hazards 
resulting from hot oil coming into contact with the 
air. The glands should be lined with copper at the 
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FIGURE 4 
Three different types of pumps arranged for operation from a single drive. 


points in close contact with the shaft to prevent 
sparking. 

The pump supports should be mounted on the cool 
portion of the casing, or water-cooled cradles should 
be provided to insure against misalignment diffi- 
culties. 

Ball bearings give uniformly satisfactory service. 
The thrust bearing should be arranged with a cooling 
head so that water can be used for cooling the lubri- 
cant which may be either oil or grease, depending 
upon the operator’s experience. 

The hot-oil and reflux pumps first developed were 
real refinery pumps of the horizontally split design 
incorporating all of the foregoing features. Such 
units have been in service for the past seven or eight 
years and are still preferred by many refinery engi- 
neers due to their accessibility. However, many re- 
fineries having had trouble with the horizontally- 
split-case pump, the forerunner of the units just de- 
scribed, have insisted upon a _ vertically-split-case 
unit using a ring-type gasket. 

The vertically-split-case pump is essentially the 
same as far as the important features listed above 
are concerned except, in this type, it is necessary to 
use a more expensive cradle mounting instead of 
casting the feet directly on the water jacketed ends 
of the pump. 

The two-bearing pumps, whether horizontally or 
vertically split, provide the best selection for the more 
difficult jobs and where the heads to be developed 
may run over 400 or 450 feet. However, there are 
many services below these head limits where it is 
altogether practicable and economical to use a pump 
of the single stuffing box overhung design. This 
pump, while it incorporates the desired features, is 
lower in price than the two-bearing units, and will 
operate on the services in its range equally as well 
as the other types described. 

These units are particularly adapted to vacuum- 
still work as they are self-venting and have discharge 
pressures against the packing. 


CRACKING COIL PUMPS 

The requirements for cracking-coil-charging pumps 
are characterized by comparatively small capacities, 
high pressures and high temperatures, which, in the 
past, have been met by reciprocating, direct-acting 
ind the crank and flywheel type pumps. In the past 
\0 years, the centrifugal pump has greatly increased 
in popularity on this most severe service, as well as 
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on other refinery services where the requirements are 
not as exacting. 

The centrifugal pump has certain definite advan- 
tages which recommend it for serious consideration : 
Comparatively low first cost and low maintenance, 
due to the fact that there are but few moving parts, 
the principal ones being the shaft with impellers 
and balancing drum. Besides these, there are many 
other considerations that make the modern high- 
pressure hot-oil centrifugal pump desirable on crack- 
ing-coil service. The centrifugal pump produces a 
smooth flow of liquid free from shocks. It is possible 
to operate nearer to the safety valve setting than it is 
with other forms of pumping units, thus increasing 
the capacity of the unit as a whole. The value of 
this increased capacity offsets the lower efficiency 
of this type pump to some extent. 


A secondary but important advantage of the cen- 
trifugal, due to its non-pulsating flow, is a substantial 
reduction of the maintenance charges on piping, 
valves, fittings, etc. 

There seems to have been a rapid tendency toward 
higher pressures and temperatures. Capacities also 
have increased materially in the last two years. Pres- 
sures encountered at the pump nozzle now run up to 
approximately 1750 pounds and temperatures from 
600 to 800°F. 


Centrifugal pumps to meet such severe conditions 
are now available with efficiencies of 70 percent or 
better in the larger sizes. Due to the use of better 
materials and improvements in design, they are able 
to maintain such efficiencies over long periods. 


Another advantage of the centrifugal pump is the 
exceedingly small amount of operating attendance 
required. It is now possible to start up with cold oil 
and when once on the line, only occasional inspec- 
tions are required throughout the run. 


In selecting a centrifugal pump for charging pur- 
poses, or, in fact, any refinery pumping job, great 
care must be given the materials entering into its 
construction, for it might be said that the success or 
failure of the unit depends largely upon their correct 
selection. For non-corrosive gas oils, cast steel rotat- 
ing parts with nitrided sleeves suffice; but, in han- 
dling fuel oil or corrosive gas oil, stainless steel 
should be used in impellers and wearing rings, while 
for other rotating parts on which there is consider- 
able wear, chrome steel or stellite should be provided. 
The stellite applies more particularly to the shaft 
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FIGURE 5 


Cross section of a seven-stage centrifugal hot oil charging pump. 


sleeves directly under the package. The main barrel 
should be of forged steel. 

There is no single piece of apparatus about the re- 
finery today into which more thought has entered 
than the development of the modern high-pressure 
centrifugal hot-oil pump; and, before selecting units, 
one should be sure that in their design are included 
all the necessary elements to make them trouble-free 
installations. 

There are many factors which enter into a success- 
ful hot-oil pump design (Figure 5). It should be so 
constructed that it will not be affected by expansion 
of the metals under high temperatures and so that 
perfect alignment and necessary clearances will be 
maintained under all conditions. To take care of 
alignment, the unit should be mounted directly at 
the horizontal centerline on water-cooled cradles and 
be free to expand longitudinally and laterally between 
suitable guides. A guide should be provided on the 
vertical center of the pump at the bottom of each 
head so that the lateral expansion will be equal on 
either side of the vertical center. 

Another point in the design is, that due to the great 
pressure involved, relatively high speeds and a large 
number of stages are necessary. This introduces the 
necessity of single-suction impellers to keep the 
length within reasonable limits for good shaft design. 
Further shortening of the pump can be obtained by 
the use of side-opening diffusors. 

Single-suction impellers make the problem of un- 
balanced thrust relatively simple to handle. This 
thrust is the resultant of forces due to the suction 
pressure acting on one side of the impeller eye and 
to the discharge pressure on the other. The sum of 
the total differential pressures constitutes the unbal- 
anced thrust of the unit. The thrust is always toward 
the suction end. 

The so-called combination balance, consisting of a 
hydraulic balancing drum supplemented by a suitable 
thrust bearing located on the outboard end of the 
pump, has proved to be a most satisfactory and 
successful arrangement. 

The hydraulic balance consists of a flanged drum 
revolving within a stationary sleeve. The major 
portion of the thrust is neutralized by pressure acting 
on the straight portion of the balancing drum, the 
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remainder being taken care of automatically by the 
axial movement and flanged portion of the drum. An 
increase of thrust toward the suction end of the 
pump causes a decrease in running clearance between 
the flange and the face of the stationary sleeve. This 
builds up pressure in the area between those two 
faces. The rotor then moves to a position where it is 
again in balance. 

The leakage from the drum is very small and the 
pressure is broken down from full pump pressure on 
the inside of the casing to suction pressure on the 
outside of the drum. The leakage is by-passed back 
to the suction through a pipe outside the casing. The 
drum should be securely mounted on the shaft with 
a tight fit. It should, preferably, be of the serrated 
or grooved type, which precludes the possibility of 
seizing and contributes to the efficiency of the drum 
in breaking down the pressure and reducing leakage. 

Augmenting the internal balancing device should 
be a thrust bearing of the Kingsbury type or its 
equal. Such a bearing takes care of any momentary 
unbalance or possible increase of thrust due to pos- 
sible wear on the rotating drum. 

In a unit with such high temperatures and pres- 
sures, it is essential that a constant stream of cool 
oil be delivered to both the Kingsbury and the In- 
board bearing of the pump. To provide this circula- 
tion of oil, a positive-acting pump, discharging 
through a cooler, should be furnished and mounted, if 
possible, directly on the thrust-bearing housing. 
Experience has shown the desirability of providing 
ample reservoir capacity in the lubricating oil return 
system. 

The stuffing boxes on a unit of this character 
should be water-cooled and extra deep, to receive at 
least 8 or 9 rings of a foil-type metallic packing of 
good cross-section for the sake of resiliency. The 
packing gland should be split for easy removal and 
should be of the smothering type with water con- 
nection so that nothing but cool oil will come in 
contact with the air. 

Much improvement has been made in the last few 
years in the design of stuffing boxes for severe con- 
ditions, such as hot oils or cold volatile liquids which 
have very little lubricating qualities. For this service, 
cold oil injection into the gland at slightly higher 
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than suction pressure, has proved highly successful. 
The gland oil most frequently used is a light gas oil, 
although light lubricating oils have been used. This 
oil may be injected into the box with no outlet—or 
may be circulated through the box with an inlet and 
outlet connection. The latter method is popular on 
hot-oil pumps as the gland oil carries away consider- 
able heat. Recently mechanical seals have been de- 
veloped for packing light volatile liquids under suc- 
tion pressures as high as 400 pounds without the use 
of gland oil. 

Charging pumps of this character have been de- 
veloped by three pump companies, two of which use 
the turbine type with diffusion vanes, and the third 
a volute type, making use of a split volute casing 
within a solid vertically-split outer casing. 


MEDIUM-PRESSURE HOT-OIL PUMPS 


By far the greater number of hot-oil pumps used 
in a refinery fall in the single-stage class. However, 
there are many services between the ranges of capa- 
city and head developed by the single-stage pump 
and those developed by the charging pump where 
medium-pressure multi-stage pumps must be used. 

For heads up to approximately 1050 feet, two-stage 
balanced pumps with the impellers arranged back 
to back, provide a good design for the service, if the 
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design incorporates the construction features listed 
previously for single-stage pumps. 

For heads beyond the range of the two-stage pump 
but below that developed by the charging or recycle 
pump, it may be necessary to use a unit with as 
many as four stages developing pressures as high 
as 500 pounds per square inch at 3500 RPM. While 
such pressures do not call for the forged-steel casing 
as used on the charging pump, they must be carefully 
designed. A type of pump which has proved very 
successful and is used by most manufacturers build- 
ing this class of pump, incorporates practically all of 
the features found on the charging pump, including 
the internal hydraulic balancing device, forced-feed 
lubricated Kingsbury thrust bearing, features to com- 
pensate for expansion, liberally designed water-cooled 
stuffing boxes and so on down the list. 

Pumps may be designed to sell at a lower price 
than that for which the unit described could be 
made to sell, but the chances are that the slight 
saving in first cost would not compensate by any 
means for the troubles in trying to keep the cheaper 
unit in operation. 


CRUDE-OIL-LOADING AND COLD-CHARGING 


PUMPS 


The average service upon which crude-oil and load- 
ing pumps are required permits the use of a single- 


Ingersoll-Rand Company’s pump testing laboratory. 
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stage unit. These are usually 1750 RPM pumps, 
designed for a maximum head of 350 feet. 

As the service is more or less severe, these 
machines should be well constructed mechanically 
with heavy shaft, liberal stuffing boxes, case- 
hardened-steel shaft sleeves, steel impeller rings, 
hard-iron casing rings, and either a ball or Kingsbury 
thrust bearing. 

The packing glands on this or any pump used about 
a refinery should be in halves for easy removal, and 


to afford convenient space for removing the old 


packing and inserting new. 

Cold-charging pumps are generally of the multi- 
stage type. In this pump, as in the crude transfer and 
loading pumps, a rugged and dependable design must 
be provided. The heads against which these units 
operate are in the neighborhood of 350 to 400 pounds. 
Four- or six-stage pumps operating at 3000 RPM 
for turbine drive have given excellent service; 50 or 
60 cycle speeds are satisfactory, depending on the 
number of stages used. 

Within the last year there has been a considerable 
development of catalytic cracking methods, some 
plants have been built and others are in the course 
of construction. In most every case the refining 
pumps are of much the same design as used in the 
thermal plants. 

Many of these systems make use of a type of cen- 
trifugal pump new to the refining industry, a unit for 
handling molten salts for temperatures as high as 
1000°F. This service is particularly severe and re- 
quires a vertical pump of the turbine type especially 
fitted in accordance with the kind of salt to be 
handled. 

These pumps, while the heads are low, run to con- 
siderable capacities and the conditions are severe only 
on account of the high temperatures encountered and 
the non-lubricating qualities of the hot salt. 

These paragraphs on pumps for catalytic plants are 
included not so much to impart information on the 
type of pumps used as to show that the pump manu- 
facturers are maintaining their service in keeping 
abreast of the new developments in the industry. 


BOILER-FEED PUMP 

Another pump which should receive serious con- 
sideration and one that plays a most vital part in 
the scheme of any steam-generating power plant, is 
the boiler-feed pump. 

The service required of these pumps covers a 
range of 100 to 3000 GPM of 200 to 450°F. water, 
against discharge pressures of 100 to 3000 pounds, 
suitable for either electric motor or steam-turbine 
drive. 

The impellers for a boiler-feed pump should be 
designed so that they will develop a sloping or steep 
characteristic. Considerable trouble with boiler-feed 
pumps has been experienced, because designers have 
disregarded this fact. Pumps developing rising char- 
acteristics offer no particular disadvantage operating 
alone. However, it has been found that two pumps 
having such characteristics could not be successfully 
operated in parallel. If it is attempted to operate 
them in this manner with rising characteristics, 
“hunting” will result and it is possible to bring about 
a condition where one of the pumps will be delivering 
no water at all, simply operating against shutoff pres- 
sure. If this condition is allowed to continue, damage 
may be done to the pump by seizure of the rotating 
and stationary parts. 
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Most pump builders are now prepared to furnish 
pumps to develop the steep characteristic required 
for this service. 

The construction depends upon suction conditions, 
temperature, and pH value of water, working pres- 
sures, drivers and nature of load being handled. The 
details entering into this phase are too many for a 
complete discussion at this time. 

In general, rugged construction is of fundamental 
importance. The heavy shaft should be protected 
from contact with the liquid throughout by shaft 
sleeves and intermediate sleeves. Single-suction im- 
pellers eliminate the use of complicated casing pass- 
ages, so necessary with a double-suction impeller 
multi-stage pump. Diffusion vanes are used to assist 
in .converting velocity head into pressure head. 
Double wearing rings make it possible to restore the 
original clearance when wear takes place, thus main- 
taining the initial efficiency of the unit. 

As in the hot oil pump, an important item of 
boiler-feed pump construction is the provision of a 
satisfactory means for taking care of the unbalanced 
thrust set up within the pump casing. This provision 
in a boiler-feed pump is much the same as in the 
hot-oil-charging pump which has been previously 
explained. In these pumps, however, many installa- 
tions are for heads under 500 pounds, and for com- 
paratively low speeds, in which case it is not neces- 
sary to go to the expense of forced-feed lubrication 
on the Kingsbury thrust bearing, and a self-contained 
lubricating system of a more simple type may be 
used. In one design of this type bearing, the oil is 
collected in a reservoir and fed by gravity direct to 
the thrust shoes through a hole in the shaft. 

A most important rule which should be followed 
with boiler-feed pumps is to avoid sacrificing good 
pump construction to increase efficiency, or to save 
a few dollars. This might help to cut down initial 
costs, but ultimately, it results in troublesome delays 
and continued expenditures for maintenance. 

On boiler-feed pump installations of good design, 
where pressures as high as 1600 pounds have been 
developed, availability factors up to 96 percent for 8 
years of operation have been obtained. 


TESTING 


Testing is one of the most important phases of 
pump manufacture as pumps of the better class are 
guaranteed to meet certain performance specifica- 
tions. The user rarely has facilities for conducting 
an actual test and accordingly accepts the data sub- 
mitted by the manufacturer. 

It is the duty of the manufacturer, as part of his 
contract with his customer, to see that each pump 
not only meets the hydraulic guarantees but must 
also be tested to detect possible mechanical defects. 

Every responsible builder of pumps for the petro- 
leum industry should maintain a suitable hydraulic 
test laboratory in which the performance can be 
thoroughly checked. 

The company with which the writer is associated, 
has considered this matter of testing of such im- 
portance that a labortary is maintained for testing 
all classes of pumps, the small units being tested with 
electric dynamometers, while, those requiring con- 
siderable horsepower are tested with steam turbines 
and torsion dynamometers, the largest having a 
capacity of 2700 horsepower. 
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Influence of 


Silicon and Aluminum 


Additions on the Corrosion Resistance 
of Steels in Hot Petroleum Products 


c. L. CLARK 


Research Engineer, Department of Engineer- 
ing Research, University of Michigan 


and 


C. H. MecCOLLAM 


Chief Chemist, Timken Steel & Tube Division, 
Timken Roller Bearing Company 


“THE factors which influence the selection of steels 

used for high-temperature service have been 
often enumerated; strength, surface and structural 
stability and cost. The strength of metals at elevated 
temperatures, as indicated by their ability to with- 
stand applied stresses with a limited amount of 
plastic deformation, is of recognized importance. 
Surface stability, as demonstrated by the ability of a 
metal to withstand surface attack by liquid or gaseous 
media, is also a vital factor in many applications. In 
refinery tubes, good surface stability implies satis- 
factory resistance to the oxidizing action of hot gases 
on the outside surface and to the corrosive action of 
the hot oil or petroleum vapors on the tube bore. 

The intimate relationship between these two prop- 
erties is not always properly understood. The high- 
temperature strength of a material indicates what 
stresses it can safely carry at designated tempera- 
tures; its surface stability dictates how long it can 
safely carry them. 

The different alloying elements have varying 
effects on surface stability. Chromium is best known 
for this use; improved resistance to oxidation by hot 
gases, and to corrosion by hot pertoleum products 
can be obtained with suitable additions of this ele- 
ment. Indeed, the resistance of chromium steels is in 
many cases a linear function of the chromium con- 
tent, but the cost of much protection may be pro- 
hibitive if corrosion is severe. 

It has been demonstrated that the addition of 
silicon, with or without aluminum and in the pres- 
ence of chromium, will greatly increase surface 
stability. The addition of these elements in suitable 
amounts to chromium-molybdenum steels has re- 
sulted in the Sicromo and Alcrosil steel types, which 
permit economical application in high-temperature 
installations where corrosion and oxidation are 
severe. 

The high-temperature characteristics of Sicromo 





1“High Temperature Characteristics of Sicromo Steels,’’ A. y 
White, C. L. Clark and W. G. Hildorf, Oil and Gas Journal, Dec., 1938. 
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‘THE resistance of refinery steels to oxidation by 
hot combustion gases and to corrosion by hot 
petroleum products is called surface stability. High- 
temperature strength indicates what stresses a steel 
can safely carry; surface stability dictates how long 
it can carry them. 

Improved surface stability is obtained by suitable 
additions of silicon or silicon plus aluminum to 
chromium-molybdenum steels, as demonstrated by 
results of various tests and by refinery tube inspec- 





| The 


tions under actual operating conditions. 

addition of silicon and aluminum to 
chromium-molybdenum steels has resulted in new 
steel types which permit more economical applica- 
tion of intermediate alloy steels in refinery tube 
service. 








steels have been previously described.’ It is the pur- 
pose of this article to discuss the influence of silicon 
and aluminum on surface stability, and to report 
results obtained on oxidation tests in the laboratory, 
and on field and service corrosion tests made in 
actual operating environments. 


CORROSION RESISTANCE 

The corrosion resistance of steels to the attack of 
hot petroleum products is generally considered as 
being proportional to the chromium content. Results 
now available from field and operating tests show 
that this resistance can be greatly improved by the 
further addition of silicon or silicon plus aluminum. 
A new field is thus opened in the development of 
lower-cost steels with increased corrosion resistance. 

Economical selection of steels requires that the 
chromium content be established according to the 
severity of corrosion attack. For applications where 
corrosion is slight, a chromium content of the order 
of 1.0 percent might be sufficient; where moderate 
rates of corrosion exist, a chromium content of the 
order of 3.0 often can be used economically. The 
4-6 chromium type is the most popular grade for 
conditions of severe corrosion, but even this material 
is sometimes inadequate for resisting very high sul- 
phur- or acid-bearing oils and under these conditions 
chromium contents of 6 to 8 or 8 to 10 percent are 
sometimes required. 

In discussing the beneficial effects of silicon or 
silicon plus aluminum on the corrosion resistance of 
these steels, they have therefore been classified on 
the basis of their chromium content. It will be 
pointed out in the following paragraphs that the 
corrosion resistance of each group is definitely im- 
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TABLE 1 


Chemical Composition of Steels Investigated and Results 
Obtained from Tests in the Vaporizer of Low 
Pressure Cracking Unit 








Type of Steel Probable Life 


DM 





3.9 times carbon steel 
6.0 times carbon steel 
6.5 times carbon steel 
7.85 times carbon steel 
11.0 times carbon steel 


CR AUR, 2a. Jes. es 6 aks « Bos dbs 62 
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CHEMICAL COMPOSITION, % 

REAEPER Dass on ewe ar tr <a Bo 

TYPE STEEL Cc | Mn | P | Ss | Si | Cr | Mo | Al 
DM-2.............| 13] .44| .011 | .019 1.08 | .56 | 
DM...............] 13 | 42] 2013 | 1018 | [85 }°1.08| [57 

Sicromo No. 1......} .13 | .42| .012| 018 | 1.17] 1.08] [58| ...: 

Ey ee 13 | :42| 1012 | :018| :80| 1.07] ‘58 | \24 

Alcrosil No. i. ||. 10} :42| :013 | :o18 | 1.15] 1.13] ‘59 | 34 








proved by the addition of silicon or silicon plus 
aluminum. 


1.0-2.0 Percent Chromium Grade 


One of the most widely used steels of this grade 
is that known as DM, containing 1.0 to 1.5 percent 
chromium, 0.50 to 1.0 percent silicon and 0.50 per- 
cent molybdenum. In addition to excellent high- 
temperature strength this steel possesses adequate 
resistance to mild corrosion attack as evidenced by 
the fact that tubes installed in 1933 carrying oil at 
1100°F. under high pressure are still in service. 

A recent test made with A.P.I. corrosion-test speci- 
mens on a series of steels of this grade demon- 
strates the advantages of silicon and silicon plus 
aluminum additions. This test was made in a charg- 
ing stock vaporizer with an average temperature of 
750°F. and carbon steel tubes are severely corroded 
in this section of the furnace. Table 1 presents the 
chemical composition of the steels included in this 
test together with the probable life of the various 
steels based on penetration measurements and com- 
pared with carbon steel as 1. The results are an aver- 
age of tests extending over 2600 hours. 

The influence of silicon is demonstrated by a com- 
parison of the DM-2 and DM ssteels, in which an 
increase in silicon from 0.24 to 0.85 percent has in- 
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creased the probable life by about 50 percent. The 
addition of 0.24 percent aluminum to the DM steel 
further improves the corrosion resistance by approxi- 
mately 25 percent. If both the silicon and aluminum 
are further increased, as in Alcrosil 1, then the im- 
provement in corrosion resistance is 85 percent over 
that of the original DM steel. 


2.25 to 3.25 Percent Chromium Grade 

Typical steels of this group are Sicromo 2%, con- 
taining 2.25 to 2.75 percent chromium, 0.50 to 1.0 per- 
cent silicon, and 0.50 percent molybdenum, Sicromo 
3 and Alcrosil 3. Corrosion resistance is a primary 
requirement for many heat-exchanger applications 
and Sicromo 2% has proven to be an economical 
tubing material under conditions of moderate cor- 
rosion. 

For those applications in which the chromium- 
molybdenum steels do not possess adequate corrosion 
or oxidation resistance, satisfactory results can often 
be obtained through the use of the silicon or silicon- 
plus-aluminum modifications of this group. As an 
example, in an Oklahoma refinery a+ 5 percent 
chromium content was required to resist corrosion 
but this material did not possess sufficgent oxidation 
resistance. The addition of silicon and aluminum to 
a 3.0 percent chromium-molybdenum steel gave 
ample resistance to both corrosion and oxidation at 
a reduction in cost of 30 percent over the original 
4-6 Cr + Mo steel. In other words, the addition of 
silicon plus aluminum imparts to the _ higher 
chromium steels of this grade a corrosion resistance 
at least equal to that of the next higher chromium 
grade, together with decidedly superior oxidation 
resistance. 

4.0 to 6.0 Percent Chromium Grade 

The most widely used steel of this grade is the 
standard 4-6 Cr + Mo steel. While this steel possesses 
ample corrosion resistance for many applications, its 
resistance can be further improved by the addition 
of silicon, as in Sicromo 5 steel, or by the addition of 
silicon plus aluminum, as in Alcrosil 5 steel. 

Considerable evidence is available with respect to 





STEEL DESIGNATION 
FIGURE 1 


Comparative Oxidation Resistance of Indicated Steels at Designated Temperature. 
1000 Hours Continuous Heating Tests. 
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TABLE 2 


Chemical Composition, Heat Treatment and Brinell Hardness of 
Steels Subjected to Oxidation Tests 























Heat 

Treat- CHEMICAL COMPOSITION, % Brinell 

ment |————— Hard- 
STEEL DESIGNATION oF Cc Mn P Ss Si Cr Mo Al ness 
NED Bis carkn's a kt Reed os SLR EK OS Soe Ann. 1550 0.15 0.42 0.017 0.016 1.37 1.30 0.54 156 
SIN Ts os. dine gd maids odie se Oa bee WES Ann. 1550 0.09 0.41 0.010 0.017 1.32 2.06 0.51 146 
DINERS 82 oc ow chans ccewoes a asses Ann. 1550 0.12 0.43 0.008 0.014 1.57 3.26 0.50 159 
eee eee ee Ann. 1550 0.10 0.38 0.009 0.016 1.55 4.83 0.51 156 
YC eee eee foe re owe Ann. 1650 0.17 0.24 0.009 0.010 1.22 1.06 0.51 0.57 156 
(SERPS re rr ere rte ee ee Ann. 1650 0.16 0.25 0.009 0.013 1.34 1.94 0.48 0.53 149 
Re i bk as bacon ce ed ea eee Ann. 1650 0.18 0.30 0.013 0.012 1.27 3.10 0.59 0.57 156 
DU, ER ee ee eke rea Ann. 1650 0.10 0.29 0.012 0.010 1.36 4.96 0.60 0.54 149 
Ne cab ki Bie e4 ded Winn dud Sue DES tee Ann 0.10 0.38 0.025 0.022 0.35 12.19 0.27 165 
SR SA ieee SP eR ee ee bese Ann 0.10 0.36 0.029 0.010 0.85 17.07 0.03 161 
PI Pas ok die ck dc hadee messes dwaenwen W.Q.2000 0.06 0.50 0 008 0.008 0.61 17.75 9.25 Ni 137 



































Note: The oxidation specimens were taken from hot-rolled one-inch bars which were given the designated heat treatment prior to machining. All the bars were 


rom commercial electric furnace heats of steel. 


the beneficial influence of silicon or silicon-plus- 
aluminum additions on the corrosion resistance of 
this steel. In black oil at 800°F. the corrosion resist- 
ance of Sicromo 5 has been found to be 2% times 
that of the 4-6 Cr + Mo steel. In naphthenic acids 
also, at temperatures up to 600°F., the corrosion loss 
for Sicromo 5 per 1000 hours exposure was only 65 
percent of that of 4-6 Cr + Mo steel in direct com- 
parison. This amounts to a life increase of 30 to 35 
percent obtained from the increased silicon content. 
In the naphthenic acid test, it is interesting to note 
that the same degree of improvement resulted from 
the addition of silicon to the 0.50 Mo steel and to 


14 


3 


rm 


Si- Cr-Mo5 


“ 
° 
2 
1 
c 
UO 
J 
” 


Oo 
Al- Cr-Si 


fe +) 


a. 


a) 


LOSS IN WEIGHT ~GRAMS PER SQ. IN. OF SURFACE. 
fo 2) 


oS 





the 1.0 percent chromium-molybdenum steel. That is, 
Silmo, which is carbon-molybdenum plus 1.5 percent 
silicon, showed only 70 percent of the metal loss of 
the carbon-molybdenum steel, and Sicromo 1 had 
only 70 percent of the metal loss of DM steel. 
Likewise Alcrosil 5 steel possesses a corrosion re- 
sistance superior to that of the 4-6 Cr + Mo steel 
and this is especially true under more severe cor- 
rosion conditions. In one refinery operating Michigan 
crude at 800°F. Alcrosil 5 has already shown 3 times 
the life of the 4-6 Cr + Mo steel, both with and 
without titanium or columbium additions, and the 
tubes are still in service at this writing. Again, a 
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CHROMIUM PLUS 7% SILICON PLUS 4X ALUMINUM CONTENT. 
FIGURE 2 


Relationship Between Oxidation Resistance and Chromium Plus 7 Times Silicon 
Plus 4 Times Aluminum Content. 
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TABLE 3 


Comparative Oxidation Resistance of Indicated Steels at 
Designated Temperatures. 
Specimens Heated Continuously for 1000 Hours in Air. 











LOSS IN WEIGHT, GRAMS, PER 
Sq. In. OF ORIGINAL SURFACE 





| 
ewer EE Eee es anes 
STEEL DESIGNATION 1250 °F. 1400 °F. 1500 °F. | 1750 °F. 
Sicromo 1 | 132 | 173 | 268 | 9.68 
Sicromo 2 1.20 1 } 2.40 | 9.65 
Sicromo 3 0.33 0.67 | 121 | 9.25 
Sicromo 5 | 002 | 0.05 | 0.04 6.79 
| | | 
Alcrosil 1 a * 102 | 2.06 2.83 10.53 
Alcrosi! 2 | O74 | 1.16 2.32 10.72 
Alcrosil 3 | 027 | O28 | 215 | 9.08 
Alcrosil 5 0.02 | O11 | 003 | 2.08 
| | 
12 Cr. - | 0.01 | 0.05 118 | 7.35 
17 Cr. i |} 001 | 003 | 0.03 | 0.48 
| | | | 
18-8 ¥ ..| O01 | 004 | 0.02 0.19 





Note: Each reported value is the average of three tests. 


southwestern refinery reports that after 1000 hours 
on stream the decrease in wall thickness of the 
rolled-in section of Alcrosil 5 is less than one half 
that of the 4-6 Cr + Mo steel. 

Over 5 years ago, an installation of Alcrosil 5 tubes 
was made in a heat exchanger carrying high-sulphur 
crude oil and vapor and these tubes are still in excel- 
lent condition. About 4 years ago, Alcrosil 5 tubes 
were installed in a cracking still operating on very 


2“Influence of Chromium, Silicon and Aluminum on the Oxidation 
Resistance of Intermediate Alloy Steels,’’ A. E. White, C. L. Clark 
and C. H. McCollam, Am. Soc. Metals, 1938 ann. Convention. 





sour crude under 425 pounds pressure at a maximum 
oil temperature of 925°F. Inspections have shown 
the corrosion resistance of Alcrosil 5 to be more than 
twice that of the 4-6 Cr + Mo steel. It was further 
observed that while the rolled-in ends of the 4-6 
Cr + Mo steel showed a greater corrosion attack 
than the remainder of the tube, this preferential at- 
tack was not evident in the Alcrosil 5 tubes. 


OXIDATION RESISTANCE 


The influence of increased silicon and silicon-plus- 
aluminum content on the oxidation resistance of 
chromium-molybdenum steels has been discussed in 
a recent paper by the present authors.? The chemical 
composition, heat-treatment and hardness of certain 
of the steels, as reported in this previous paper, are 
given in Table 2. The Sicromo steels containing up 
to 5.0 percent chromium had a silicon content of 
from 1.32 to 1.57 percent while the Alcrosil steels 
contained, in addition, approximately 0.50 percent 
aluminum, The 12 and 17 percent chromium steels as 
well as the austenitic 18 percent chromium-8 percent 
nickel alloy were included to serve as a yardstick in 
evaluating the relative merits of the Sicromo and 
Alcrosil steels. 

The results obtained from 1000-hour laboratory air 
oxidation tests on these steels at 1250, 1400, 1500 
and 1750°F. are given in Table 3 and Figure 1 and it 
will be noted that at 1250 and 1400°F. the Sicromo 5 

(Continued on page 294) 





1200°F.—2710 Hr.—6000 Lb. 
(a) 4-6 Cr. + Mo Steel 


1500°F.—890 Hr.—700 Lb. 


1300° F.— 5394 Hr.—2400 Lb. 





1200°F. 927 Hr.—6000 Lb. 
(b) Sicromo 5 Steel 


1300° F.— 2987 Hr.—3200 Lb. 


1500°F.—2268 Hr.—1000 Lb. 


FIGURE 3 


Microstructures Showing the Comparative Surface Stability under Oxidizing Conditions of 4-6 Cr +- Mo and 
Sicromo 5 Steels. 
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Balloon System 
Prevents Vapor Losses 


J. C. ALBRIGHT 


HELL OIL COMPANY operates extensive refin- 

ing equipment in Southern California, including 
a tank farm adjacent to the Dominguez plant which 
contains several 80,000-barrel steel tanks. Eight 
tanks used for storage and transfer of volatile prod- 
ucts are equipped with a modern connecting system 
for the prevention of the loss of vapors. Products 
handled by these tanks are sensitive to changes in 
atmospheric and temperature conditions. Under cer- 
tain conditions vapors are evolved from the liquids, 
aggravated and accelerated by pumping large quan- 
tities quickly from plant to storage. Under certain 
other conditions, the vapor space above the liquid is 
enlarged, accelerated by pumping products out of 
storage, which results in the absorption by the air 
admitted without a vapor saving system, of fractions 
that will pass out when the tank is filled again. Alternat- 
ing conditions and pumping operations are the con- 
tributing factors in large losses, the prevention of 
which is accomplished by the recently installed vapor 
saving and recovery system. 

The system consists of a steel balloon with flexible 
decks, connected to the tanks with a large pipe line 
with a low coefficient of friction to enable the vapors 
to travel from tank to tank, or from all the tanks to 
the balloon, or from the balloon to the tanks. In- 
cluded in this system are facilities for repressuring 
the entire system, when conditions are such that no 
one tank or group of tanks produce sufficient vapors 
to fill the voids in other tanks. Dry gas is used for 
this purpose, secured from the refinery vapor-recov- 
ery system or from pipe lines. If conditions exist that 
vapors are produced by the products in the steel 
storage tanks, these vapors travel through the inter- 
connecting pipe-line system to the balloon, which 
has a capacity of 350,000 cubic feet. If a greater 
volume of vapors are produced from the products 
in the tanks than the capacity of the balloon, an 
automatic compression recovery unit takes the sur- 
plus, converting the vapors to liquids that are in 
turn stored in other steel pressure vessels and sub- 
sequently used as required in the refinery. 

The balloon is 200 feet in diameter and handles 
the capacity load of 250,000 cubic feet of gas at a 
maximum pressure of 15@ inches of water. The .bot- 
tom of this vessel is made of 3/16-inch steel with an 
outer ring with vertical walls of 10-gauge steel 
welded to the bottom and reinforced at points of 
greatest stress to prevent deformation. Attached to 
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this ring at the upper edge is a circular overhanging 
deck which extends the bottom of the vessel to the 
full 200 feet of its diameter. Welded to the perimeter 
of the overhanging deck is a circular ring which com- 
pletes the vertical height of the vessel, and forms a 
base to which the top deck is welded. This is made 
of 10-gauge steel and constructed so as to lay in a 
concave position when the balloon is empty. 

Since the top of the vessel has a greater surface 
area than the diameter of the balloon, the plates 
from which the deck is constructed are forced into a 
slight distortion as the deck moves from convex to 
concave when gas is traveling away from the bal- 
loon. The area of distortion is controlled with con- 
crete weights placed along four equi-distant spirals 
from the center outward so that sharp bending is 
converted into long, smooth waves. In order that the 
vessel may operate with a maximum pressure of 
154 inches of water, when filled with vapors to its 
capacity, the portion outside the stationary section is 
supported with 40 counter-weights, These weights 
are spaced at regular intervals at the periphery, 
attached to the vessel with chains that pass over 
sheaves mounted on adequate supporting stuctures 
with sufficient height that the vessel may flex 
throughout its full travel from empty to full without 
the counter-weights striking the ground. The coun- 
ter-weights overcome the dead-weight of the mov- 
able section of the vessel so that only a slight pres- 
sure is required to force gas into it. Pressure and 
vacuum safety valves are part of the equipment of 
the balloon to protect it from collapse or rupture if 
other features of the system refuse to function 
properly. 

The pipe-line system which handles the vapors 
from the tanks to the balloon includes a main line, 
18 inches in diameter, connected to the balloon with 
a 10-gauge steel nipple. The main line extends 
through the tank farm and is supported upon steel 
posts imbedded in a concrete grout, and upon con- 
crete piers at the points where the individual col- 
lecting laterals are attached. Each 80,000-barrel tank 
included in the vapor-saving system is equipped with 
a 10-inch pipe line, connected to the roof through a 
special mounting containing a thief and gauging 
hatch. This mounting is constructed so that when a 
sample of the product is required from the storage 
vessel, or when the contents are gauged, the move- 
ment employed in opening the hatch automatically 
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closes a valve in the va- 
por line that removes the 
tank from the system so 
long as the hatch is open. 


The 10-inch collecting 
line is carried upon a se- 
ries of steel supporting 
structures to the main 
pipe line where it drops 
through a vertical riser 
immediately above the 
main line. The system is 
equipped at these points 
with two quick open- 
and-shut control valves, 
one above and one below 
an entrainment separa- 
tor flame arrester that is 
equipped with blank 
plates that may be re- 
moved for cleaning. The 
three units at this point 
are flanged to the 10-inch 
pipe line, and the valves 
are equipped with a 
hinged side that oper- 
ates as an explosion 
door. A manometer is in- 
stalled on the case of 
each valve so that an in- 
stant reading may be 
made of the pressure on 
the system. 

The vapor-saving sys- 
tem as a whole is auto- 
matic in operation, per- 
mitting a free passage of 
gas throughout the sys- 
tem; from tank to tank, 
from tanks to balloon, or 
from the balloon to any or 
all tanks at the same time 
without adjustment or at- 
tention. Due to conditions 
that might at different 
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Details of construction and design of the balloon installation recently installed at Shell 
Oil Company’s Dominguez, California, refinery. 


times cause a greater volume of vapor to flow from the 
tanks to the balloon than its capacity, a vapor com- 
pressor is connected to the system which automatic- 
ally reduces the load upon the system when these 
conditions eixst. 

The compressor is controlled, started and stopped 
by means of switches attached to the shell of the 
balloon tank. The operating switches are set and 
adjusted so that the vapor compressor begins to 
function, withdrawing excess gas when the balloon 
is near the full inflated position, and is shut down as 
the movement of vapors deflate the balloon. The 


object of the compressor is to prevent over-inflation 
of the balloon to a. point where the safety valves 
would vent excess vapors to the atmosphere, but, 
depending upon the location of the switches in rela- 
tion to the position of the balloon, the amount of 
vapors may be withdrawn in any quantity desired. 
Along with the compression system, there is another 
feature, automatic in operation, that permits dry gas 
to enter the system when conditions and circum- 
stances are such that a vacuum would be applied 
by large volume pumping, or shrinkage occur due to 
changes in temperature. 





Silicon and Aluminum 


(Continued from page 290) 


and Alcrosil 5 steels have an oxidation resistance 
comparable to that of the 12 and 17 percent chromium 
steels. At 1500°F. they are still equal to the 17 percent 
chromium steel. When the differences in chromium 
content are considered, the effectiveness of increased 
silicon or silicon plus aluminum content in imparting 
a high resistance to oxidation is apparent. In fact, 
under the given test conditions, Sicromo 5 and 
Alcrosil 5 are equal to 18-8 in their oxidation resist- 
ance at temperatures up to and including 1500°F. 

The results from these tests indicate silicon and 
aluminum to be more effective than chromium in 
improving the oxidation resistance of chromium- 
bearing steels. As shown in Figure 2, it is estimated 
that silicon is 7 times and aluminum 4 times as 
effective as chromium in this respect. 

The influence of silicon in improving oxidation 
resistance is further demonstrated by an examination 
of the surface of the stress-rupture specimens tested 
for more prolonged periods. Figure 3 shows the 
micro-structures, at a magnification of 100 diameters, 
at the surface of a series of 4-6 Cr + Mo and Sicromo 
5 specimens fractured at temperatures of 1200, 1300 


294 


and 1500°F. Even after 2268 hours at 1500°F. under 
stress, Sicromo 5 shows very little scaling, while the 
4-6 Cr + Mo steel was considerably scaled after 2710 
hours at 1200°F. Since these two analyses differ 
mainly in that Sicromo 5 contains 1.55 percent silicon 
and the 4-6 Cr + Mo steel only 0.18 percent of this 
element, the beneficial action of increased silicon con- 
tent is again evident. 

Experience with refinery tubing has confirmed the 
beneficial influence of increased silicon or silicon-plus- 
aluminum content on the oxidation resistance. As an 
example, tubes of Sicromo 5 have been operating in 
one installation at temperatures of 1300 to 1450°F. 
for well over a year, while the standard 4-6 Cr + Mo 
steel had a service life of only a few months. Also, in 
a southwestern refinery, 4-6 Cr + Mo steel possessed 
sufficient corrosion resistance but was inadequate for 
oxidation resistance. A steel of the Sicromo 3 type 
was substituted and found to have ample oxidation 
resistance, again substantiating the fact that silicon 
is more effective than chromium in imparting oxida- 
tion resistance. 
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Close Fractionation 
in the Laboratory 


Using Conical-Type Stedman Packing 


L. B. BRAGG 


Foster Wheeler Corporation, Carteret, N. J. 


ROGRESS in the processing of petroleum prod- 

ucts is characterized by the necessity for ever 
closer fractionation. This need is reflected in im- 
proved distillation methods, taller towers and higher 
reflux ratios. It also creates a demand for more ac- 
curate laboratory evaluations and necessitates better 
and more effective laboratory columns. 

Several petroleum laboratories have recently found 
that columns packed with conical-type Stedman pack- 
ing offer an improved means of obtaining the more 
accurate separations required. This packing was de- 
veloped by D. F. Stedman in the laboratories of the 
National Research Council of Canada at Ottawa and 
patented in the United States,?* Canada,’* and else- 
where. Stedman has reported the efficiencies obtain- 
able with conical-type packing 1 inch in diameter as 
determined by testing with mixtures of n-hexane and 
cyclohexane.’”1"15.14 This packing is being further 
developed in the Foster Wheeler Corporation re- 
search laboratory, and three sizes of the conical-type 
have been produced, the operating characteristics of 
which are presented below. 


DESCRIPTION OF PACKING 


The conical type of packing is made of wire cloth 
which has been embossed and trimmed into flat, 
truncated, conical discs. A semi-circular hole is cut 
out of one side of the cone and extends about two 
thirds of the distance from the edge of the cone to the 
flat in the center. The discs are welded together 
alternately back to back and edge to edge, forming a 
regular series of cells. The holes, which serve as 
vapor passageways, are located alternately on oppo- 
site sides of the section of packing. The construction 
may be readily understood by reference to Figure 1. 
The three sizes of packing on which tests are re- 
ported herein had nominal diameters of 25 milli- 
meters (0.984 inch), 0.750 inch, and 0.375 inch, and 
were called Nos. 112, 104, and 105, respectively. 

The packing is customarily fabricated from stain- 
less steel wire cloth of 40 x 60 meshes per inch, using 
wire 0.009 inch in diameter. It may, however, be 
made of any other material that can be drawn into 
wires and woven into wire cloth of the proper mesh, 
in accordance with the particular use of which the 
packing is to be put. Other mesh sizes will be satis- 
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factory, so long as the packing has sufficient me- 
chanical strength and the surface tension of the liquid 
is great enough to seal the openings of the mesh and 
prevent the passage of vapor through the mesh, but 
certain sizes of mesh and wire diameter are best." 

In operation, the liquid flows along the wire cloth 
and seals the openings of the mesh. The liquid flows 
out toward the walls of the column on a cone that 
is concave downward, and then back toward the 
center of the column on a cone that is concave up- 
ward, which is welded to the first cone at the outer 
edge. The lower cone is welded to another still lower 
cone at the center and the liquid flows through the 
mesh at the point of junction, then outward toward 
the walls on this lower cone, and so on until the 
liquid drops off the lowest cone of the column. The 
vapor enters the space between two cones, which are 
welded around the outer edges, through the vapor 
hole in the lowest cone. The vapor then flows through 
the space between these two cones, practically at 
right angles to the axis of the column, and out 
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FIGURE 1 
Three sizes of conical-type Stedman packing, designated as 
Numbers 112, 104 and 104 reading from left to right. 
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TABLE 1 
Efficiency Tests 
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24 inches in all cases. The packed columns were con- 
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FIGURE 3 


Plot for determination of theoretical plates 


nected to other apparatus as shown in Figure 2. A 
binary mixture of benzene-ethylene dichloride was 
used in all tests. All tests were made at atmospheric 
pressure and with total reflux. 

The flood points were determined by increasing 
the distillation rates by substantially equal steps and 
noting the point at which the bottom reflux rate 
decreased suddenly. The packing was also observed 
closely and it was found that the point of sudden 
change in the reflux rate was the point at which a 
definite flooded condition was observed between some 
pair of cones. This point of initial flooding was gen- 
erally near, but slightly above, the lower end of the 
packing. As will be noted from the data, however, 
the so-called flood points or points of initial flooding 
did not represent the maximum capacities of the 
columns. 

Shortly after the testing was commenced, it was 
found that it was essential to wet the packing thor- 
oughly before the full efficiency could be developed, 
as otherwise, channeling of the liquid seemed to occur 
at the top of the column. This fact has been previously 
reported by Nickels’ and Fenske, Lawroski, and 
Tongberg.* The packing was wet by running the 
column at a rate above its capacity until it became 
completely flooded. The rate of distillation was next 
reduced until the flood subsided and was then set at 
the point desired for the test being run. 

The efficiency varied considerably with the rate of 
distillation, being better the lower the rate, until a 
peak was reached at a rate below which the efficiency 
decreased rapidly. It is believed that this peak repre- 
sents the lowest rate at which it is possible, under 
continued operation, to keep the screens thoroughly 
wet. Fleming® also noted that the efficiency was 
highest at very low rates of distillation. With the 
25-millimeter-diameter packing the efficiency im- 
proved as the distillation rate was raised beyond the 
flood point, until a second peak was reached at a rate 
above which the efficiency decreased rapidly. 


Additional information with regard to the test 
methods used were reported by the author pre- 
viously.” 
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ANALYSIS OF SAMPLES 


The reflux samples removed from above and below 
the packing were analyzed by refractive index and 
the number of theoretical plates was calculated by 
means of the equation of Beatty and Calingaert? 
which is a slight modification of that of Underwood,’” 
using values of relative volatility reported by Smith 
and Matheson.® The values of relative volatility are 
nearly constant over the atmospheric pressure boiling 
range of mixtures of benzene and ethylene dichloride, 
but the slight error attendant upon the use of an 
average value of relative volatility was avoided by 
using a plot of theoretical plates vs. refractive index. 
This plot was constructed from calculations based on 
the equation of Beatty and Calingaert, using the cor- 
responding values of relative volatility, so that read- 
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FIGURE 5 
Characteristics of 0.750 inch diameter packing. 


ings could be made for the refractive indices of the 
samples removed from above and below the packing 
and the number of theoretical plates in the column 
could be determined as the difference of the two 
readings. The plot used is shown as Figure 3 and was 
based on data obtained in the Foster Wheeler Cor- 
poration research laboratory. 

The method used for determining the efficiency of 
the columns loses its accuracy when the mixtures 
become too dilute with respect to either constituent. 
Consequently, the liquid in the still was maintained 
at a benzene concentration of about 10 mole percent. 


TEST RESULTS 

The test results obtained on the three sizes of 
packing, as well as results obtained with the empty 
columns, are shown in Table 1 and are presented 
graphically in Figures 4, 5 and 6. 

In a few cases the liquid holdup values are not 
reported, because it was desirable at times to continue 
the operation of the column after equilibrium had 
been attained and by changing the distillation rate to 
make a new test run. It was found that the same 
equilibrium efficiencies could be determined in this 
manner in a much shorter time without reflooding 
the column as those obtained by starting with a 
freshly flooded column. This was particularly true 
when the second run was at a higher rate than the 
first, so that the second equilibrium efficiency was 
lower than the first. In such cases the holdup values 
could not be determined. 

There have been no direct comparisons made in 
this laboratory, using the same technique and test 
methods, but assuming that the results obtained are 
comparable with those obtained by others,**°71° it 
will be evident that at comparable vapor velocities 
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better efficiencies are possible with Stedman packing 
than with other types of packing. These efficiencies 
are accompanied by unusually low liquid holdup and 
by pressure drops that compare favorably with those 
of other types of packing. The throughput is also 
satisfactory and compares well with other packings 
as indicated by the possible superficial vapor veloci- 
ties of 0.71 to 0.98 feet per second for the three sizes 
of packing. 

With these conical-type Stedman packings it will 
be possible to build columns having as many as 200 
theoretical plates for use in a laboratory of average 
height. Such columns should open up new fields of 
possible close fractionations and of analysis by means 
of distillation. 
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FIGURE 6 


Characteristics of 25-Mm diameter packing. 
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in Gasoline Plant 


Transfer Line Repairs. 


UE to soil conditions, electrolysis and various 

types of corrosive influences, piping laid below 
grade level in the Gilmore-Dabney, Inc., gasoline 
plant at Signal Hill, California, early in 1938 began 
to show evidence of advanced deterioration. Vapor, 
steam, gas and other systems were affected, and 
most were in the same stage of decay. Some of 
the difficulty was caused by wind loss of water, 
which provided constant dampness. A program af- 
fecting some of the lines was begun which included 
“half soling,” or jacketing the worst spots with new 
pipe. 

During the period of inspection, several methods 
were given consideration, among which was to re- 
place parts with new pipe by cutting out the sections, 
but this would require a complete shut-down of the 
plant while this was being done. Another method 
included tapping into the lines and laying new 
material, either above ground, or buried alongside 
the present piping, but this entailed careful operation 
and construction. The method decided upon makes 
use of the half-sole principle, or jacketing the lines 
with new pipe. Some of the lines which indicated that 
the lower half needed additional support, were half- 
soled while on others that indicated that pitting had 
progressed on the sides, top and bottom were 
jacketed. 

When jacketing lines, as eight inch for example, 
the affected sections are completely excavated and 
cleaned, not with a sand blast, but scraped to remove 
incrusted soil and minerals attached to the metal 
so a reasonably clean surface would be presented. 
Joints of 10-inch, for the 8-inch pipe, were split longi- 
tudinally with an acetylene torch in the shop, and 
brought to the pipe to be repaired in sections. To 
apply this cover, one half of the cover was laid upon 
the pipe, and held snugly with a pair of chain tongs. 
This method permitted the welder to roll the half 
section over the pipe until it lay beneath the rusted 
lines being repaired. The other half then was laid 
on top of the pxpe, beneath the chain of the tongs, 
which was used, to ¢lagnp the tw@ sections firmly 
together at the edges with the welder tacking on 
‘ach side at the ends and near the middle of the 
oint. 

After tacking the two halves to each other, the 
elper rolled the pipe so one seam would be upper- 
nost for convenience in welding, and the exposed 
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Jacketing decayed piping with new pipe in Gilmore-Dabney 
Inc.’s gasoline plant at Signal Hill, California. 


seam filled. After completing this operation, the 
pipe was again rolled so the opposite seam was 
uppermost and welded in the same manner. Where 
the old pipe showed evidence of decay which re- 
quired more than one joint of pipe, another of the 
required length was placed in the same manner, 
with ends butting together and welded. To make 
this seam more secure, a reinforcement of larger pipe 
was laid over the joint, welded at the seams and at 
each end to completely close the openings. To close 
the extreme ends of the jackets, the pipe was belled 
inward with a heating torch and welded to the old 
pipe to form a complete gas-tight repair. 

Procedure after repairing the damaged pipe in- 
cluded filling in with decomposed granite and satu- 
rating the fill with heavy waste oil. Future plans 
include tapping the jackets and welding in collars so 
the annular space between the original line and the 
jacket can be filled with melted asphaltic compound 
to retard decay at the points where jackets are used. 

. The cost is said to be in excess of replacing the 
damaged pipe with new material, but the advantages 
set eut are: no shut-down time, no large force of 
workmen necessary for immediate replacement, and 
the plant may be operated in the normal manner 
while reconditioning is in progress. 
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Remote 
Controller 
Operating 
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HEN United Pipe Line Company built its gaso- 

ine plant at Cotton Valley, Louisiana, well 
pressure was designed for gas throughput. Pres- 
sures sufficient to transport gas from the field 
through the absorbers and to transmission lines are 
available, with line pressure and capacity largely 
determining the operating pressure and volume 
capacity of gas handled through the plant. Under 
these conditions, an interruption of free passage of 
gas through the absorbers could easily cause serious 
damage, and possible loss of equipment and injury 
to workers if permitted to continue without correc- 
tive measures. 

The principal feature of the safety measures is the 
speed and thoroughness of plant by-passing equip- 
ment. The main residue line, or line which may 
carry rich, unprocessed gas to distant points is a 
continuation of the piping at the field scrubber, 
erected to remove condensate from the gas, and to 
prevent “white oil” from the wells 
from contaminating absorber oil. 
The line leading to the battery 
of high-pressure absorbers is con- 
nected to the main gas line with 
welded fittings, and equipped with 
a pneumatic-operated worm and 
sector lubricated-plug valve. The 
return stripped gas line is con- 
nected to the same line, down 
stream from a second valve op- 
erable as the first. A third valve 
is inserted in the return line, all 
three of which are installed so 
near each other that a common 
concrete pit contains the entire 
assembly, 





Automatic 


By-Pass 


Used for Plant Protection 


As the setting is designed for operation only in an 
emergency, such as excessive pressures, fires or other 
hazards, the element of time is of prime importance. 
For instance, if the plant should catch fire, an opera- 
tor could not open one valve and close two in time 
to prevent a general conflagration. But to make the 
installation almost instantaneous in operation, air 
lines are led to safe distances from the plant and 
connected to a single hand operated valve, a quarter 
turn of which operates the valves and only in a 
space of about 5 seconds. 

As the point considered most efficient for valve 
setting is on an extreme side of the yard farthest 
from the plant, the main line was laid running paral- 
lel with the equipment used to extract the gasoline. 
For the hand operated mechanism, a point was 
selected near the boiler house, so an employe need 
only walk a few steps from that building to shut the 
plant down completely and remove all gas from the 
units excepting what might remain in the vessels. 


While this equipment has not been used in an 
emergency, it is operated frequently so that it will 
remain in working condition. After closing the valves 
to by-pass the gas from the plant, it is only a small 
matter of turning the control valve a quarter turn in 
the opposite direction to start operation as if nothing 
had occurred to shut off the supply of raw material. 
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Control pit containing three pneumatic operated lubricated plug valves which can 
be operated from one setting to another in 5 seconds, and which is installed to 
by-pass gas from gasoline plant in an emergency. 
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